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(57) Abstract 

A unptor protein comprising a gpl30 polypeptide United to a single-chain leukemia inhibitory factor receptor (LIF-R) 
nolvoeotlde Is capable of binding both oncostatin M and leukemia inhibitory factor (UP). The rewptor protein bmda LIFwith 
Late affinity than do« the single-chain LIF-R polypeptide alone. The receptor may be produced as a fusion protein in recom- 
binant cells. Tbe gpl30 polypeptide binds oncoutadn M, but with lower affinity than does the inventive receptor protem. 



1. 



V 



2«04MII1tfl 1S<55fl SHIMIZU PATENT NO. 7955 P. 8/86 



FOR TJ& PVZPOSKS OF INFORMATION OMJT 

ttf* titn PCT on the front pas* of psmphlds publishing International 
Codes used lo WemMy Stales pan* to the PCT on ine from r> 
epplUatlonft under the PCT. 

r MD Mauritania 



AT 

AH Aisiralta 

gtt Battalias 

BE Ee&um 

Bp Burfcioaf 

BJ Bam 

Bft Bra/il 

CA C^ nmln 

Cfcoual AftW 




ca Gabon 



Oirihco 

ttU 



KP 



Hungo? 
Irobnd 

■Mr 

Jtfpott 

•r- — 



Kit RispuUi«»fK«i 



NO Nonwy 

FT fomiffd 
g0 Romania 
BU 
6D 



SK 



Rush* federation 



Slovak KcpufaDC 

— - — pj 



to 

ML MaD 



TC 



Tag© 
Ukraine 



UA UTf?™ 5 

US Unfead StntctofAjncricn 
VN VfanHva 



2004$ 



WO 93/10131 



SMMIZU PATENT OFf ICE 



NO. 7955 V. 
PCT/US92/10272 



10 



TITLE 



Receptor far Oncosiatin M and Leukemia Inhibitory Factor 



p APTCITROUND OF THF, INVENTION 



Receptors that bind specific molecules (e.g., a hormone, drug, cytokine, or 
biochemical) have been identified on a multitude of cell types. Receptors arc found on 

15 the cell surface or, in the case of soluble receptors, are released into the serum. Effort 
has been directed toward isolation and characterization of a number of receptors in 
order to study their physiological roles and to explore possible therapeutic uses. The 
binding of a particular target molecule by a soluble Tcccptor administered to a patient 
may alleviate disorders mediated by the target molecule. 

20 Certain receptors nave been found to comprise two separate polypeptide chains 

associated in the form of a complex. Such two-chain receptors often bind the target 
molecule with greater affinity than that exhibited by one of the chains alone. 

Leukemia inhibitory factor (LIF) is a polypeptide hormone that plays a central 
role in the regulation of diverse adult and embryonic systems. LIF acts on a variety of 

25 cell types and has multiple biological activities. The diversity in biological activity is 
reflected to the various synonyms of LIF, which include hepatocyte stimulating factor 
m (Baumann and Wong, /. Immunol 143:1163 [1989]); cholinergic nerve 
differentiation factor (Yamamori et al. Science 246: 1412 [1990]); melanoma-derived 
lipoprotein lipase inhibitor (Mori et al„ Biochem. Biophys. Res. Comm. J 60:1083 

30 [1989]); human interleuldn for DA cells (Moreau et al.. Nature, 336:690 [1988]); 
differentiation factor CTomida et al., J. Biol. Chem. 25P:10978 [1984]); differentiation 
inhibitory factor (Abe et aL. /. Btol. Chem. 264\ 8941 [1989]); differentiation 
inhibitory activity (Smith and Hoop^Devel. Biol;. 121:1 [1987]); and differentiation 
retarding factor (Koopman and Cotton, £zp. Cell. Res. 154-233 [1984]. 

33 The cloning of a leukemia inhibitory factor receptor (LIF-R) has been reported 

by Gearing et al. in EMBO /. 70:2839 (1991). This recombinant single-chain LIF-R 
polypeptide binds UP, but with lower affinity than the naturally occurring LIF 
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^ntorsfonndon certain normal cells. A receptor thai biiids UF with higher affinity 
e^Td by this cloned single chain LIF^R would 1. desirable 

5 ^^laintuxoor.derivedandnonndcclllinea. Oocostarin M is produced by 
5 growth oicenaui amn ber of cell types have been found to bind the 

activated lymphoid cells. A amnber oi ceu w 2g2 
cmccstatinM protein. See, far example, Lindcy et aL. /• ML f*-^™ 

not been reported- 



SIMMftRY OF TffP WVRNTBffl _ _ 

He present invennon provide, a receptor .tot has to property of 

°" . ., „^,_ flv N „ kniemii inhibitory factor receptor 0-TF-R)- ™ 

anted (preferably covalanfly) » ""f™, ,„ ^ITtcb. polypeptide by any suitable 

m i30 Mlypeprirle may be covsicatly toted to the UF-R poiypepone u, ^ 

^^v^aeross-H^^crapdypepSdeltoker. In on. em*^ 
^TCendot, fl* tfceptox ia a fualon pre** produced by n^iaantDHA 
° f * ."1 Ksordera mediated by either oncost**. M or L3F may be treated by 

20 affined with such a disorder. 

TOTTT n?'™""-"™ nr ™ SWINGS 
Ha. 1 IS » gn.phpre.cadn, the re**, of - UF binding 
^.J^vec.o^encc^* SP130 orUF-R werea=ayedfor the ebDrtv to btnd 

25 LIF, as described in example 1. u;~Mt>* n«av 

Hgure 2 is a graph prating the xesuta of an oncoawm M ^« 
J^sfected with vectors) encoding gpl30 or UM wexe assayed for the 
abi^ to bind onwsmtmM,^ described 

BgureSisagraphdepic^^ 
, ^ _ col30 encoding expression vector, as described in example 2. 
30 -*^f 4 ^ rany ^T^pror of th. present invent where** 
^cndoTrlcnved from an amibody ate mad to ant . gplM ttaameattoanUP* 

fiBS ™^ n re 5 present, compos*. DNA and encoded amtoo acid acnuenoca of a Ml 
' , _ A , ,^„^r*.« of cDNA and genomic acmes. 

35 leng* UF-*. d.texrr^ed by comparing ^/ZLnbrane 
iJsigDal peptidase clcsvago ^ is maxked wirh a vertical arrow The uansn^mnr^ 
^oX^yunderln^L Potexrfal H-ln*cd glycogen sues axe xna*ed ^ 
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asterisks. Hallmark residues associated with die heinetopoietin family of receptors are 
shown boxed. The horizontal arrow marks the point at which genomic sequence was 
used to derive the 3' coding region of LIF-R, since the cDNA clones employed in 
detenraning this sequence terminated with a stretch of A nucleotides at this point. 

3 Figure 6 presents the DNA and deduced amino add sequences of cloned gpl30 

cPNA as reported by Hibi et al. in Cell 63:1 149 (1990). A predicted signal sequence is 
underlined. The thick underline indicates a presumed transmembrane region. The sets 
of asterisks identify possible N-glycosylanon sites. 

Figure 7 presents Scatchard analyses that demonstrate the interaction of a 

10 soluble gpl30/Fc fusion protein with soluble LIF-R/Fc in binding UF and oncostatin 
M, as described in example 7. 



ntr.TATI.FP df ^TPT™" nF THE INVENTION 
15 The present invention provides a receptor comprising gpl30 covalently linked 

to leukemia inhibitory factor receptor (LTJF-R). In another embodiment of the 
invention, ihe receptor comprises gpl30 non-covalently complexed with LIF-R. The 
receptor is capable of binding oncostatin M, and also binds leukemia Inhibitory factar 
CLJF). The receptor thus is useful for treating disorders mediated by either oncostatin 
20 MorLIF. 

The gpl30 may be covalently linked to the LIF-R by any suitable means, such 
as via a cross-linking reagent or a polypeptide linker. The gpl30 and LIF-R proteins 
are covalenUy linked in a manner that docs not interfere with the resulting receptor's 
ability to bind oncostatin M and LIF. In one embodiment of the invention, the receptor 

25 Is a fusion protein produced by recombinant DNA technology. 

Non-covalent bonding of gpl30 to LIF-R may be achieved by any suitable 
means that does not interfere with the receptor's ability to bind oncostatin M and UF. 
In one approach, a first compound is attached to LIF-R and a second compound that 
will non-covalently bond to the fiisi compound is attached to gpl30. Examples of 

30 such compounds are biotin and avidin. The receptor is thus formed through the non- 
covalent interactions of biotin with avidin. In one embodiment of theinvennon,UF-R 
and gpl30 arc recombinant polypeptides, each purified from recombinant cells and (hen 
non-covalently bonded together to form the receptor. A host cell may be transformed 
with two different expression vectors such that both UF-R and gpl30 are produced by 

35 the recombinant host cell. LIF-R and gpl30 (one or both of which are soluble 
fragments as described below) produced by such transformed host cells may associate 
to form a complex through non-covalent interactions. 
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-U*»k inhibitory factor receptor" QJPD nte. to a protein (a cyttldne 
receptor) that Is pot* on the surface of various heinatopoienc cells fcclttf** 
rJc^Ucxo^ -oocytes, and on -^^-^ 
mdSf osteoblasts, placental trophoblasts, and liver ^ 

* capable of binding leukemia inhibitory fector (UF) inolecolw and plays a role m 
5 £££ * 4a! Provided by UP to a celL In the ^ 

dXnSl^F-R-fers geoerically to mammalian LIF-R» whach delude* but « not 

limited to, human, murine, and bovine LJF-R- _ aTT7R > 

lie closing of human and murine leukemia InMbtoy factor **^Jf**>; 
10 each a sin* polypeptide chain, ha, been reported by Gearing et * in £1*0* 

Tll^cpoiDNO-SandSEQroNOre. Ttfs cloned human cDNA encodes an 

acid number 790 of SEQID NO: 5) andaporrlonof <hc cy^ptamc ~ ™* & 
Zta. fa**, arnu* acM* encoded by apoly-A <W™""* *^ 

A olasmW vscrar containing *• nbove-aescno«u ci"" «__«_, 

^too&Uccdon cn Dauber 11, 1990 (ATCC accession no 68491). Tte 
„ X SZb. — ***** Of a fnll tee* nauve human UF-R ^ 

<* bL mwra and are presented herein In Rgure 5. 

T^LH-R S^Tby *a cloned cDNA (SEQ ID NO: 6, contains *o e™- 
cellular r.gion of UF-R (** domain bollcvad to bo response far 

30 Hndinff aerMry). and binds liF, bnt witn tower J „ _„., 

Lffreccotor found on certain normal cells. Additfoiially, coeostatin M comjwUK wio 
S to namrall, occurring Hah affinity UF ^ep- on can** call typ« 

^^7^*^4:61. 1992) butmdnocbtodtorheebov^eaenbed 

• suburatibrtte cloned*^ polype^ cham^ 
^UF-Rcr^BP^pHUFE^aMwitb^r^abutBattplaccn^l 
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cDNA library (also contained in an expression vector). The co-transfecied cells were 
assayed for the ability to bind radiolabeled oncostann M. 

A positive cDNA pool was subdivided and the procedure repeated to isolate a 
Single cDNA done designated B10G that conferred the ability to bind oncostadn M on 
5 cells co-transfected with B10G and the LJF-R encoding plasmid pHLIFR-65. The CO- 
iransfected cells also were found to bind UF with higher affinity man cells traiisfected 
withpHLIFR-65 alone. Host cells transfected with B10G alone exhibited low affinity 
oncostadn M binding sites. The B10G cloned cDNA was sequenced and found to 
encode a protein that is known as gpl30. 

10 Thus, it has now been found that a receptor comprising both LIF-R and gpl 30 

binds IJF with higher affinity than does the single-chain LIF-R polypeptide alone. The 
improved IJF binding of LIF-R in combination with gpl30 is described in example 1 
below and depicted in Figure 1. 

Although LIF does not bind io either high- or low-affinity oncostann M 

15 receptors, it has now been found that oncosiatin M binds to the receptors of the present 
invention comprising LIF-R and gpl 30. Oncostann M binding is described in example 
2 below and depicted in Figure 2. 

' A protein known as gpl30 has been purified from cellular sources that include 
• placental tissue and a myeloma cell line U266. A number of additional cell types have 

20 been found to express gpl30 mRNA, as reported by Hibi et al., in Cell 63:1149 
(1990). gpl 30 has been reported to be involved in the formation of high affinity 
interleukin-6 binding sites and in IL-6 signal transduction (Hibi et al. supra). The 
cloning and expression of cDNA encoding a full length gpl 30 protein has been 
reported by Hibi et aL, supra, which is hereby incorporated by reference in its entirety. 

25 The DNA and deduced amino acid sequences reported by Hibi et aL for the gpl30 
cloned cDNA are presented herein in figure 6. The gpl 30 amino acid sequence may 
vary from that reported by Hibi et al., e.g., leucine may be substituted for valine at 
position 8 in the signal sequence (numbering is as shown in Figure 6). This amino add 
substitution may be attributable to genetic polymorphism (allelic variation among 

30 individuals producing the protein), and results from the presence of C rather than G at 
nucleotide position 22. 

As used herein, the term LIF-R includes variants and truncated forms of native 
Lff-R proteins that possess the desired LIF-binding or signal transducing activity, 
likewise, the term gpl30 as used herein includes variants and truncated forms of the 

35 native gpl30 protein that retain the desired biological activity. For gpl30, the desired 
biological activity includes binding of oncostadn M; conferring on the inventive 
receptor the ability to bind oncostann M; and increasing the affinity of the inventive 



* 
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receptor for LIP. compared to the LIF binding affinity of the smg>cfaain LIF-R 
polypeptide alone. Specifically included are truncated, soluble or fusion forms of UP- 
k and gpl30. as described below. Variants produced by adding, substituting, or 
deleting amino add(s) in the native sequence are discussed In more deodl below. 
5 example crf^IJ^Rpoly^ 

the cDNA clone designated pHUF-R-65 (SEQ ID NO: 3). as described by Geanng ct 
aU^andmexampleSbelow. Altcinaiivcly, efegment comprising amino andsl 
to 945 of SEQ ID NO:5 may be employed. Amino add 943 Is the last LIF-R-specine 
amino aod of the polypeptide encoded by clone pHLIF-R-65, before the poly-A 
10 nuclide segment believed to result from olignCdT) priming ai an internal 5x1c in the 
xnRNA dnrinfi preparation of the hLEF-R cDNA. (See Gearing et aL. EMBOJ^ supra. 

at page 2840, column one.) 

Otber examples of LIF-R polypeptides that may be employed in the inventive 
receptors include those lacking all or part of the transmembrane region or the 

15 cytoplasmic domain of the protein. Suitable LJF-R polypeptide* thus include those 
containing amino acids 1-x or, when the signal sequence is not desired, ammo adds 
45-x of the full length LIF-R sequence depicted in Figure 5. wherein % represents an 
integer from 833 to 1096. Amino acid number 833 Is the last amino acid of the 
extracellular domain (Le, before the start of the transmembrane region.) Polypeptides 

20 termiiumngm amino acid nnmher 1096 lack the last C-iormnal amino add of the full 
length protein. The desirability of including the signal sequence depends on such 
factors as the position of LIF-R in a fusion protein, as discussed below, and the 
intended host cells when the receptor is to be produced via recombinant DNA 
technology. Note that the numbering of amino adds m Hgure 5 (taken from Gearing ct 

25 BL suprfi differs from that cf SEQ ID NO: 5 because the fir* amino add of me signal 
sequence is designated amino. arid number 1 in Hgure 5 but is designated -44 in SEQ 
ID NO: 5. Other polypeptides may be chosen with regard to sequences mat are 
conserved in the hematopaetin receptor family, (le., chosen to include the boxed 
sequeaceCs) shown in Figure 50 

30 One example of a suitable gp!30 polypeptide is tiw encoded by cDNA cloned 

into plasmid vector pDC303 to produce e plasmid designated B10Q. The source of 
xnRNA used in producing the cDNA was human placental tissue. Plasmid B10G m E. 
ccU strain DH5o host cells was deposited with the American Type Culture Collection, 
Rockvflte, Maryland, on November 14, 1991. and assigned ATCC accession number 

35 68827* 

The DNA sequence of the gpl30 cDNA contained in plasmid BlOG and the 
a^o add seipena of rae gpl30 p 
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SEQ ID NO; 1 and SEQ ID NO: 2. The protein comprises (in order from the N- 
lerminus to the C-tenninus) a 22-amino acid signal sequence, complete extracellular 
domain (amino adds 1 -597), a transmembrane region (beginning with amino acid 598), 
and a'pardal cytoplasmic domain (amino acids 621-686). This truncated gpl30 
5 polypeptide differs from the equivalent portion of the Hibi et al. protein in that the 
eighth amino add of the signal sequence is leucine rather than valine, as discussed 
above. 

Another example of a suitable gpl30 polypeptide comprises amino acids 1 to 
496 of the SEQ ID NO: 1, which includes all of the cysteine residues found in the 
10 extracellular domain of the protein, and also contains a complete fibroncctin domain. 
Additional examples of gpl30 polypeptides are those comprising amino acids 1-298 or 

98-298 of SEQ ID NO: 1. 

Otber gpl 30 polypeptides lacking all or pan of the transmembrane region and/or 
cytoplasmic domain may be employed. Suitable gpl30 polypeptides thus include those 

15 containing amino acids 1-x or. when the signal sequence is not desired, amino acids 
23-x of the Figure 6 sequence, wherein x represents an integer from 619 to 917. The 
first amino acid of the transmembrane region is the alanine residue at position 620 in 
Figure 6. Polypeptides terminating at amino acid 917 lack the last C-terminal amino 
acid of tb© full length protein preBented in Figure 6. Note that the numbering of amino 

20 adds in Figure 6 (taken from Hibi et aL, supra) differs from that shown in SEQ ID NO: 
1 and N02 because the first amino acid of the signal sequence is designated amino acid 
number 1 to Figure 6 but is designated -22 in SEQ ID NO: 1. Regions of the gpl30 
protein corresponding to domains that are conserved among certain receptors axe 
discussed by Hibi et al, supra, at page 1130, column 2, and page 1151, column 1. 

25 Other truncated gpl 30 polypeptides chosen to include these conserved regions may be 
employed. 

Preferred LIF-R and gpl 30 polypeptides are those which are soluble. In one 
embodiment of the preseni invention, the receptor comprises soluble LJF-R covalently 
attached to soluble gpl30. "Soluble UF-R" as used in the context of the present 

30 invention refers to polypeptides that are substantially similar in amino add sequence id 
all or pan of the extracellular region of a native UF-R and that, due to the lack of a 
transmembrane region that would cause retention of ihe polypeptide on a cell 
twanbrane, are secreted upon expression. The soluble UF-R polypeptides that may be 
employed retain the ability to bind UF or. by compeddvely binding UF. inhibit UF 

35 signal transduction activity via cell surface bound LJF-R proteins. Soluble LIF-R may 
also include part of the transmembrane region or pan of the cytoplasmic domain or 
other sequences, provided that the soluble LIF-R protein is capable of being secreted. 
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the tenn "soluble ^130" a, used herein refer, to proteins ***** 

^sP^ayi*^^ 
< nihH- sentiences, as lon£ as the polypeptide u secreted. . VJft _ 

TESTlff* and gpl30 resy be identified Cand distuned *om 
^ co^, * separa^ 

uiotein from the colture medlnm. e*. by centufuianon, Bid 

described in the eampte below. Tte presence oflJF-R or gpiao a » 

fTZto fte protein «. «o«ed *™ »° dot is a •<*** *™£*Z 

indicates tnai me piou=^x ^ a «>« rmtur^v-oranringfbnns Off 

desired protein. Soluble LIF-R and soluble gplSO may be , ^ 

7!^. cloning of a naturaHy-occuninfi soluble munne LIF-R « reported m 
thc^ proteins. Coning « ' rf ^.r ^ gpi30 proteins 

15 Gearing et aL, Ji^ro. Alternatively, soinoie naew -„o„t™i a* described 

xi^y^K produced by recombinant DNA technology or otherwise isolated, as described 

bd ° W * lie use of soluble fox** of UF-R and *pl30 is edvazuegeous i ^ 
me use ^ ^fc, fejm recombinant host cells is facilitated. 

^r^t rWndina LIF and oncosiarin MD in the bloodstream- 

^oL UFR polypeptides include those compi^g the ^ seance and 

^^HTo: 1). ^ preparation and us. of these son** P olypepdd« .a 

. ^Aftwacmt invention is described in examples 3-5. 

wjSae that portior, of the protein tha, contain, the residues conserved 
^ of rTc^atopoic^ receptor Wly 

11-479 of SEQ1D NO*. ^ N :— l^^T,,: 
« my arrdno adds 1-11 (or -44 »ncn the naove «jnal "f"*** ^TztTm 
H. «tf.nda to a C-terrmnus .elected from any ol amiM adds 479 through 7W. 
protein extend* to a ^i™" 702. -44 -775. or 1 - 

T w ss^«olitbfcF°^«> n 'S' dse an*" ands -44 -702, 1-702,^4 /«. 
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755 of SEQ ID NO:6. Constructs encoding these proteins may be prepared by 
techniques thai involve cleaving the human LIF-R cDNA of the above-described clone 
pHLlFR-65 (ATCC 68491) with the restriction endonucleases Asp718 andXwinJ or 
with Asp718 and BspJ286L Asp 71B cleaves the vector upstream of the inserted LJF- 
5 R-encoding cDNA. XmnJ cleaves within the codon far Asp ai position 702 
(generating blunt ends) and Bspl2861 cleaves just 3' of the codon for Val at position 
775 of SBQ ID NO:5. If desired, an oligonucleotide may be ligated to the 3* end of the 
Asp718lBspl286I fragment ro extend the LIF-R sequence, e.g.. through amino add 
number 789. An oligonucleotide also may be ligated to the 3' end of a LIF-R fragment 
10 to add the first two amino adds of the Fc polypepdde described in example 5, and a Bgl 
Il aite useful for attaching the rest of the Fc sequence downstream of the UF-R 
sequence. 

Additional soluble human LIF-Rs comprise amino acids 1-678 or 1-680 of SEQ 
ID NO:6. When the human and murine LIF-R amino acid sequences disclosed in 

15 Gearing et aL. EMBO J* supra, are aligned (with gaps introduced to maximize identity 
between the two sequences), amino acid 680 of the human sequence is aligned with the 
hat amino acid of the murine protein, and amino acid 678 is the last amino acid of the 
human sequence that is identical to a corresponding amino add in the murine sequence. 
- Sine* the murine protein binds LIF, the murine LIF-R contains that portion of the 

20 protein required for LIF binding. 

An additional example of a soluble gpl30 polypeptide comprises amino acids - 
22 to 582 of SEQ ID NO:2. An expression vector encoding such a protein was 
constructed in example 7. Soluble LIF-R and gpl30 polypeptides also include those 
torn which flbroJiecrin type m (FNTH) domains have been deleted. From one to all of 

25 the FNTJJ domains may be deleted, providing the advantage of reducing the site of the 
protein. Preparation of such UF-R and gpl 30 proteins is described in example 8. 

Truncated UF-R and gpl 30, including soluble polypeptides, may be prepared 
• by any of a number of conventional techniques. In we case of recombinant proteins, a 
DNA fragment encoding a desired fragment may be subcloned into an expression 

30 vector. Alternatively, a desired DNA sequence may be chemically synthesized using 
known techniques. DNA fragments also may be produced by restriction endonuclease 
digestion of a full length cloned DNA sequence, and isolated by electrophoresis on 
agarose gels. Linkers containing restriction endonuclease cleavage site(s) may be 
employed to insert the desired DNA fragment into an expression vector, or the fragment 

35 may be digested at cleavage sites naturally present therein. Alternatively, proteins may 
be fragmented using proteolytic enzymes, for example, and the desired truncated 
polypeptide isolated from the digestion mixture using reversed phase HFLC. 
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isolate TdNA s^ence encoding a desired protein H- — * 

5 beloved tod^etete^ 

r - 'war desired terminus- Amonfi the commercially available inkers are 
having a parucular flesrrea igu^ digestion, and wWch 

^ that can be ligaied to the blunt ends produced by Bal ^ 

xcuicnon endonuc^e cleavage sitefc). Alrernanvdy oh^u^d^ that 
the N- or C- tenmims of a DNA fragment to a desired point may be 

10 ^^^^^^^^^^^^^ 

Cov.lant an-hmeni is preferred for cerudn applied eg. 
j to nan-covalent, bands. In constructing the receptor of the present invennon, 

Z^^r^^T-d dde 0.1ns. *» Kntfn* one peptide » .nod*, 

Z^T fok too die seconds and tcntey struck ncccs^ for the to*** 

„v,t„ /-n w3l &doDt a flexible extended 
I^T^^^** „130 domains. a* 

ITcTinotade C2v, Am and Ser. VirmOly any pmnTOllon of amino -ad Kq-»«» 
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peptide linker sequence. Other near neutral amino adds, such as Thr and Ala, may also 
be used in the linker sequence. Examples of such polypeptide linkers axe presented 
below. 

Another type of polypeptide linker that may be employed comprises the Fc 
5 region of an antibody. An Fc polypeptide is attached to the C-terminus of LIF-R ox of 
the LIF-R fragment A separate Fc polypeptide is attached to the C-termlnus of gpl30 
or of the gpl30 fragment. The two resulting polypeptide chains may be combined in a 
buffered solution, whereupon disulfide bonds form between the two Fc polypeptides 
<e-g., in the so-called hinge region, where interchain disulfide bonds are normally 

10 present in antibody molecules). Preferably, a host cell is transformed wiih DNA 
encoding both polypeptides such that the two polypeptides are co-expressed and 
mterehain disulfide bonds form in the host cell. LIF-R is thus covalently linked to 
SP130 via the disulfide bonds in the linker portion of the receptor. Procedures for 
isolating the Fc region of an antibody are well-known and include proteolytic digestion 

15 with papain. Alternatively, an Fc polypeptide may be produced by recombinant cells or 
chemically synthesized. Also useful are N-teraoinal fragments of an antibody Fc region 
that contain the cysteine residues involved in disulfide bond formation at the hinge 
region. One example of a receptor containing an Fc polypeptide linker is illusiratcd in 
example 5 below. The receptor is depicted in Figure 4. The number and position of 

20 disulfide bonds may vary from Those shown in Figure 4. 

Additional examples of LIF-R/Fc and gpl30/Fc fusion proteins useful in 
preparing receptors of the present invention are described in examples 7 and 8. 
Advantageously, host cells are co-transfected with two different expression vectors, 
one encoding soluble LDF-R/Fc and the other encoding soluble gpl30/Fc. The 

25 hctcrodinicr is believed to form intracellularly or during secretion. 

Homodimers comprising two LIF-R/Fc polypeptides or two gpl30/Fc 
polypeptides linked via disulfide bonds ere also produced by certain of the transfected 
host cells disclosed herein. The LIF-R/Fc homodimers are useful for binding UF and 
The gpl30/Fc homodimers find use in binding oncostatin M. The homodimers may be 

30 separated from each other and from the heterodimer by virtue of differences in sfee 
(e.g., by gel electrophoresis). The heterodimer also may be purified by sequential 
immunoaffinity chromatography (described below). 

In an alternative embodiment, a first fusion polypeptide comprising gpl30 (or 
fragment thereof) upstream of an antibody light chain (or a fragment thereof) is 

35 prepared. A second second fusion polypeptide comprises LIF-R upstream of an 
antibody heavy chain (or a heavy chain fragment, the N-terminus of which extends at 
least through the ChI region. Disulfide bond(s) form between the gpl30-light chain 



2<)<)4Mfl16B SHIMIZU fATENT Off ICE NO. 7955 P. M/8< 

i ■ ■ t 
t • ^ 

PCT/TJS91/10272 

y/O 93/10151 

12 

*»k» polypeptide end the UF-R-heavy chain fusion polypeptide thus P^ BC **» 
fusion polypcpuce » - _ p^wptide linker. If desired, a.mird 

Teceotor of the present invention composing a poiypepuae 

£ZTL UF-R-^ody light chain fusion polypeptide) is prepared and coined 
^u^Lded « a fourth fusion comprising gplSO ""^jg* 
5 bZyXdn. When the two disulfide bonded molecules are coxnW, adding 

casing ihefourx^onp^^ annbody » structure 

or^ rikolavs the oncosiadn M/L3F binding sire bivalently. 

^,,1,1,16 from Piece Chemical Company as described above are among muse 

The a,130 and UF* polypcpndee may b. tepiaidy punfied ftom ceMar 
M ~ ^ «b. ^H-, DNA .echnoiogy. ™ 

foreign DNA thar encodes gpl30 end - 
jO "^TmtTpdypcp^ „*y be encoded by the ^ «^~" 
^ end St6p codon, for each of *e two scnes, or to 
ILlnsftaed with two S cp OT .e repression vector In softer embody to 
,™*or iB wodnced as a fnsion pxoieln in recombinant cells. 
^ToT^odimcn, of the present invention, the receptor protcm » . 

Rl-L-Raor R2-L-R1 

wtedB *, »130 or . ffllM fru«m: *a xepiesemsUF* 

fensn; md L represents a polypeptide Bator- 
30 ^fudo^^oftopre^tinvenoonindndccon^to^^ 

^V^flalso struct, in which*. Cterminal ponton of UF-R is fcsed m to 
£^,,lL»tor*^penl«tf»m ff 130i,cov*enUy.n*ed» 
jjF^rIL saen a manner as to produce a ^ protein 

aX«t order of occurrence (Le, the N-«nmnsI por/pepade Is listed Cm. 
loTtowtd by to Hntor md ton *» C^ernnaal jcJypepnde). 
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A DNA sequence encoding a fusion protein is constructed using recombinant 
DNA techniques to insen separate DNA fragments encoding gpl30 and LIF-R .into an 
appropriate expression vector. The 3' end of a DNA fragment encoding gpl30 13 
ligated (via the linker) to the 5' end of the DNA fragment encoding LIF-R with the 

5 reading fames of the sequences in phase to permit translation of the mRNA into e 
angle biologically active fusion protein. Alternatively, the 3' end of a DNA fragment 
encoding LIF-R may be ligated (via the linker) to the 5' end of the DNA fragment 
encoding gpl30, with the reading fames of the sequences in phase to permit Translation 
of the mRNA into a single biologically active fusion protein. A DNA sequence 

10 encoding an N-terminal signal sequence may be retained on the DNA sequence 
encoding the N-ienninal polypeptide, while stop codons, which would prevent read- 
through to the second (C-terminal) DNA sequence, are HirmnaTe ri. Conversely, a stop 
codon required to end translation is retained on the second DNA sequence. DNA 
encoding a signal sequence is preferably removed from the DNA sequence encoding the 

15 C-teiminal polypeptide. 

Suitable polypeptide linkers comprise a chain of amino acids, preferably from 
20 to 100 amino acids in length and most preferably from 30 to 60 amino acids in 
length. As discussed above, the linker advantageously comprises amino acids selected 
• from the group consisting of glycine, asparagine. serine, threonine, and alanine. 

20 Examples of suitable polypeptide linkers include, but are not limited to, (Gly 4 SeT) n , 
wherein n is 4-12, preferably 8, and (G^SerGlyjSerh. 

A DNA sequence encoding a desired polypeptide linker may be inserted 
between, and in the same reading fame as, the DNA sequences encoding gpl30 and 
LIF-R using any suitable conventional technique. For example, a chemically 

25 synthesized oligonucleotide encoding the linker and containing appropriate restriction 
endonuclease cleavage sites may be ligated between the sequences encoding gpl30 and 
LIF-R. 

Alternatively, a chemically synthesized DNA sequence may contain a sequence 
complementary io the 3' terminus (without the stop codon) of either gpl30 or LIF-R, 
30 followed by a linker-encoding sequence which is followed by a sequence 
complementary to the 5' terminus of the other of gpl30 and LIF-R. Oligonucleotide 
directed mutagenesis is then employed to insert the linker-encoding sequence into a 
vector containing a direct fusion of gpl30 and LIF-R. 

The present invention, provides an isolated DNA sequence encoding the above- 
35 described fusion protein comprising gpl30, LIF-R, and a polypeptide linker, and also 
' provides recombinant expression vectors containing the isolated DNA sequence. 
"Expression vector" refers to a replicable DNA construct used to express DNA which 
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ZTJmwriM*) bavins a regulatory role in gene expression, for 
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with foreign DNA U3ing rccoin DNA tecb ™^ H osi 

, „ - ^ &e foreign DNA includes a sequence encoding the invennve 
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amplification within the host. Examples of suitable prokaryotic hosts for 
transformation include £. coU, Bacillus subtilis, Salmonella typhimurium, and various 
species within the genera Pseudomonas, Strepiomyces, and Staphylococcus, although 
others may also be employed as a matter of choice. Higher cukaryotic cells include 
5 established cell lines of mammalian origin. Cell-free translation systems could also be 
employed to produce fusion protein using RNAs derived from the DNA constructs of 
the present invention. Appropriate cloning and expression vectors for use with 
bflctrrfoi. fungal, yeast, and mammalian cellular hosts are described by Pouwcls ct aL 
{Cloning Vectors: A Laboratory Manual, Elsevier, New York, 1985), the relevant 

10 disclosure of which Is hereby Incorporated by reference. 

Useful expression vectors for bacterial use can comprise a selectable marker and 
bacterial origin of replication derived from commercially available plasmids comprising 
genetic elements of the well-known cloning vector pBR322 (ATCC 37017). Such 
commercial vectors include, for example, pKK223-3 (Pharmacia Fine Chemicals, 

15 Uppsala, Sweden) and pGEMl (Promega Biotec. Madison, Wl, USA). These 
pBR322 "backbone" sections are combined wiih an appropriate promoter and the 
structural sequence to be expressed. E. coK is typically transformed using derivatives 
of pBR322, a plasmid derived from an £. coli species (Bolivar ct aL, Gene 2:95, 
1977). pBR322 contains genes for ampicillin and tetracycline resistance and this 

20 provides simple means for identifying transfonncd cells. 

Promoters commonly used in recombinant microbial expression vectors include 
the b-lactamase (penicillinase) and lactose promoier system (Chang et aL. Nature 
275:615. 1978; and Goeddel et aL, Nature 281:544. 1979). the tryptophan (trp) 
promoter system (Goeddel et aL, Nucl. Acids Ra. 8:4057, 1980; and EPA 36,776) 

25 and tac promoter (Maniatis. Molecular Cloning: A Laboratory Manual. Cold Spring 
Harbor Laboratory, p. 412, 1982). A particularly useful bacterial expression system 
employs the phage X PL promoter and cI857ts thermoinducible repressor. Plasmid 
vectors available from the American Type Culture Collection which incorporate 
derivatives of the X Pl promoter include plasmid pHUB2, resident in E. coll strain 

30 JMB9 CATCC 37092) and pPLc28. resident in E. coli RR1 (ATCC 53082). 

The recombinant receptor protein may also be expressed in yeast hosts, 
preferably from Saccharomyces species, such as 5. cerevisiae. Yeast of other genera 
such as Pichia or Kluyveromyces may also be employed.' Yeast vectors will generally 
contain an origin of replication from the 2u.m yeast plasmid or an autonomously 

35 replicating sequence (ARS), a promoter, DNA encoding the receptor fusion protein, 
sequences for polyadenylanon and transcription terrninatlon and a selection gene. 
• Preferably, yeast veciors will include an origin of replication and selectable markers 
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Various m mr"™ 1 "" or insect cell culture systems can be employed to express 
recombinant protein. BaculovJjus systems for production of heterologous proteins in 
insect cells ere reviewed by Luckow and Summers, Sic/Technology 6:41 (1988). 
Examples of suitable mammalian host cell lines include the COS-7 lines of monkey 
5 kidney oells, described by Gluzman (Cell 25:175, 1981), and other cell lines capable of 
expressing an appropriate vector including, for examples. L cells. C127. 3T3. Chinese 
hamster ovary (CHO), HeLa and BHK cell lines. Mammalian expression vectors may 
comprise non-transcribed elements such as an origin of replication, a suitable promoter 
and enhancer linked to the gene to be expressed, and other 5' or 3* flanking 

10 nontranscrirjed sequences, and 3" or 3' nontranslated sequences, such as necessary 
ribosome binding sites, a poly-adenylation site, splice donor and acceptor sites, and 
transcriptional termination sequences. 

The transcriptional and translational control sequences in expression vectors to 
be used in transferring vertebrate cells may be provided by viral sources. For 

15 example, commonly used promoters and enhancers are derived from Polyoma, 
Adenovirus 2, Simian Virus 40 CSV40), and human cyiome galovirus. DNA sequences 
derived from the SV40 viral genome, for example, SV40 origin, early and late 
promoter, enhancer, splice, and polyadenylarlon sites may be used to provide the other 
genetic elements required for expression of a heterologous DNA sequence. The early 

20 and late promoters are particularly useful because both are obtained easily from the 
virus as a fragment which also contains the SV40 viral origin or replication (Fiers et aL, 
Namre 273:1 13. 1978). Smaller or larger SV40 fragments may also be used, provided 
the approximately 250 bp sequence extending from the Hind HI site toward the BgJl 
site located in the viral origin of replication is included. Exemplary vectors can be 

25 constructed as disclosed by Okayama and Berg (MoL Cell. Biol. 3 .280, 1983). 

A useful system for stable high level expression of mammalian receptor cDNAs 
in C127 murine mammary epithelial cells can be constructed substantially as described 
by Cbsman et al (Mo/. Immunol. 25:933. 1986). 

Particularly preferred vectors for expression of the inventive receptor as a 

30 fusion protein are described in the examples below. The foregoing discussion is, of 
course, applicable to the production of recombinant fusion proteins comprising a 
fragment of gpl30 and/or a fragment of KDF-R. Suitable fragments are discussed 
above, and DNA sequences encoding such fragments may be inserted into the above- 
• described expression vectors. 

53 The present invention provides a process for preparing the recombinant receptor 

of the present invention, comprising culturing a host cell transformed with an 
expression vector comprising a DNA sequence that encodes said receptor under 
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steps. Microbial cells employed in expression of recombinant fusion proteins can 
disrupted by any convenient method, including freeze-thaw cycling, sonication. 
mechanical disruption, or use of cell lysing agents. 

Fermentation of yeast which express fusion proteins as a secreted protein 
5 greatly simplifies purification. Secreted recombinant protein resulting from a large- 
scale fermentation can be purified by methods analogous to those disclosed by Urdal et 
al. </. Chromaiog. 296:111, 1984), involving two sequential, xevcrsed-phase HPLC 
steps for purification of a recombinant protein on a preparative HPLC column. 

The preseni invention also provides a pharmaceutical composition comprising a 
10 receptor protein of the present invention with a physiologically acceptable carrier or 
dflnent. Such carriers and diluents will be nontoxic to recipients at the dosages and 
concentrations employed. Such compositions may, for example, comprise the receptor 
protein in a buffered solution, to which may be added antioxidants such as ascorbic 
add, low molecular weight (less than about ten residues) polypeptides, proteins, amino 
15 adds, carbohydrates including glucose, sucrose or dextrins, chelating agents such as 
EDTA, glutathione and other stabilizers and excipients. The receptor of the present 
invention may be administered by any suitable method in a manner appropriate to the 
indication, such as intravenous injection, continuous infusion, sustained release from 
implants, etc. 

20 The DNA and/or amino acid sequences of gpl30 and LIF-R may vary from 

those presented in SEQ ID NO: 1 and SEQ ID NO: 5. Due to the known degeneracy of 
the genetic code, there can be considerable variation in nucleotide sequences encoding 
the same amino acid sequence. The DNA sequences capable of hybridizing to the 
native DNA sequence of SEQ ID NO: 1 or SEQ ID NO: 5 under moderately stringent 

25 conditions (50*C, 2 X SSC), and which encode a biologically active gpl30 or LIF-R 
polypeptide, are also considered to be gpl30-encoding or UF-R-encoding DNA 
sequences, respectively, in the context of the present invention. Further, certain 
mutations in a nucleotide sequence which encodes UF-R or gpl30 will not be 
expressed in the final protein product For example, nucleotide substitutions may be 

30 made to enhance expression, primarily to avoid secondary structure loops in the 
transcribed mRNA (see EPA 75.444A, incorporated herein by reference). Other 
alterations of the nucleotide sequence may be made to provide codons that are more 
readily translated by the selected host. e.g., the well-known E. coli preference codons 
far E. eoli expression. 

35 The amino acid sequence of native gpl30 or LIF-R may be varied by 

substituting, deleting, adding, or inserting one or more amino adds to produce a gpl30 
or LIF-R variant Variants that possess the desired biological activity of the native 
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Assays by which the biological activity of variant proteins may be analyzed ate 

described in the examples below. , „ m /e m 

^LuHons to the native amino add sequence may be accompli by any of a . . | 
5 ^ofknowntechni^. Fox example, stations can be introduced at part^ar 
lod by synthesizing oligonucleotides containing a mutant sequence, ****** 
TJLTL eJlin, ligation to fragn^ of the native sconce. 
^an, me resulting xecon«racted sequence encodes an analog bavmg the deW 
annno arid insertion, substitution, or deictic 
10 Alternatively, oKgonudeotide^eaed site-specific mutagenesis pieced^ 
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^ ^Lan^tion or insertion required. Exemplary methods of makmg the 
dK „Hons sel forth above are disclosed by Waldcr et al. < G «" f 'f ' f * ^ 
T^T, 19S5>- Cndg tMeT«:l»i«u«s. January 1983. 12-19)5 Snnth «aL 

U«8«. "° U.S. Paieat No. 4.737/62, wHch are tocorporatri by reference 

^Moacmivatant varl^ts of UF-R aid B>130 may be constructed by. 
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Generally, substitutions should be made conservatively; i.c, the most preferred 
substitute amino acids are those having physiochemical characteristics resembling those 
of the residue to be replaced. Examples of conservative substitutions include 
substitution of one aliphatic residue for another, such as lie, VaL Leu, or Ala for one 
5 another, or substitutions of one polar residue for another, such as between Lya and 
Arg; Glu and Asp; or Gin and Asn. Other such conservative substitutions, far 
example, substitutions of entire regions having similar hydrophobicity characteristics, 
are well known. Moreover, particular amino acid differences between human, murine 
and other mammalian LJF-Rs Is suggestive of additional conservative substitutions that 

10 may be made without altering the essential biological characteristics ofLTF-R. 

Cysteine residues can be deleted or replaced with other amino acids to prevent 
formation of unnecessary or incorrect intramolecular disulfide bridges upon 
renatoration. Adjacent dibasic amino acid residues may be modified to enhance 
expression in yeast systems in which KEX2 protease activity is present 

15 EP212.914 discloses the use of site-specific mutagenesis to inactivate KEX2 

protease processing uites in a protein. KEX2 protease processing sites are inactivated 
by deleting, adding or substituting residues to alter Arg- Arg, Axg-Lys, and Lys-Arg 
pairs to eliminate die occurrence of these adjacent basic residues. Lys-Lys pairings are 
considerably less susceptible to KEX2 cleavage, and conversion of Axg-Lys or Lys- 

20 Arg to Lys-Lys represents a conservative and preferred approach to inactivating KEX2 
sites. 

Hydrophilic amino acids may be substituted for hydrophobic amino acids in the 
transmembrane region and/or intracellular domain of gpl30 and LIF-R to enhance 
water solubility of the proteins. Addition of amino acids to the native sequence may 
25 resulr from translation of in-frame codons present in linkers used in constructing 
cloning or expression vectors. The LTF-R encoded by clone pHLIF-R-65 contains 
such linker-encoded amino acids at the C-terminus, as described by Gearing et aL, 
supra. 

The present invention also includes proteins with or without associated narivc- 
30 pattern glycosylation. Expression of DNAs encoding the fusion proteins in bacteria 
such as E. colt provides non-glycosylated molecules. Functional mutant analogs 
having inactivated N-glycosylation sites can be produced by oligonucleotide synthesis 
and ligation or by site-specific mutagenesis techniques. These analog proteins can be 
produced in a homogeneous, reduced-carbohydrate form in good yield using yeast 
35 expression systems. N-glycosylation sites in eukaryotic proteins are charaaerized by 
the amino acid triplet Asn-Al-Z, where Al is any amino acid except Pro, and Z is Ser 
or Thr. In this sequence, asparagine provides a side chain amino group for covalent 
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attacb ncnt of carbohydrate. Snch a she can b e dieted by 
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^Ttoofacifecrh^ic^B.orlwbeto^fam^ fcivKi^arrnnoaa.d 

^^Ln^.^adfl.tro^ 

2£L* acetyl groups and the to. Covalem derivative* are p-paxe4 by ItrJong 

tssrvptve canoga.es of the receptor protein with otier proton or polypeptide^ snob 
^M-b b xecomhi^mtcolmre as N- or C- terminal tata — *• 
eJ^o polypeptide may b. a signal (or kadex) polypi sequence *tt«N- 

» ^ofrprotdnrCtotoofsyn^to^^ofto^n^aeoro^ 
M or walHe.*. the yea* a-factor *^>. P*pud« may be 

added „ ftritttte purificaooa ox id™nfiction of the fusion proBto Ce*. poly-13*). 

^lo ^ 8 4>ence o, the fos.cn protein car, alao be lin^d to A. P^^ 

35 SwIT- * and p~vid- an f ^ 

to , ™fic roonoclonal antibody, enablin* rapid assay and fadle P^ OT * 
„l^=CornMnaMpro,dn. This sequence * al*> d ^ ^ ^ 

Zcosd enteroHnaae it the x«ddu. ixxxmedtaaly fbBowir* *e Asp-Lys pa™* 
p^^etTeapped wi* Ibis pepdde may aUo be resist «o fctraeeHular 

rearer^ and may be administered in vfve to inhibit a «*>^ * 
J^M Gneiss aisaal t^dacnorO- Tte Strive rceeptors alao bav. xm » 

IIF binding reajenis. ^..-j t_ v 

35 borders mediated by either oncostadn M or UF may be treated by 

roaI ^ crB^rnn^n parent afflicted with such a disorder. A disorder is said to 
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be mediated -by oncostatin M or LIF when biologically active oncostatin M or LIF 
causes (directly or indirectly) or exacerbates the disorder. Soluble receptor proteins can 
be used to competitively bind to LIF and oncostatin M, thereby inhibiting binding of 
f .TP and oncostatin M to cell surface receptors. 
5 As discussed in example 2, gpl30 has now been found to bind oncostatin M, 

although with lower affinity than the inventive receptors comprising both gpl30 and 
XJF-R. gpl30 may be administered to treat conditions mediated by oncostatin M, 
although a gpl30/LIF-R receptor of the present invention would be preferred for such a 
purpose. 

10 Oncostatin M has been reported to stimulate hemaiopoiesis, stimulate epithelial 

cell proliferation. Increase plasmin activity (thereby inducing fibrinolysis), inhibit 
angiogenesis and supress expression of major histocompatibility complex antigens on 
endothelial cells. See PCT application WO 9109057 and European patent application 
no. 422,186. When these or other biological effects of oncostatin M are undesirable, a 

13 receptor of the present invention may be administered to bind oncostatin M. 

Oncostatin M is believed to stimulate production of the cytokine interleuldn-6 
OL-oO. as reported by Brown et al., J. Immunol. 147:2115 (1991). Oncostatin M 
therefore indirectly mediates disorders associated with the presence of IL-6. IL-6 has 
' been reported to be involved In the pathogenesis of AIDS-assodated Kaposi's sarcoma 

20 (deWit et al., /. Intern. Med. [England] 229:539 [1991]). Binding of oncostatin M by 
a receptor of the present invention thus may be useful in treating Kaposi's sarcoma. 
Alternatively, but less preferably, gpl30 may be administered to treat Kaposi's 
sarcoma. 

Among the disorders mediated by LIF are lipoprotein metabolism defects such 
25 as atherosclerosis and obesity, as well as disorders of bone and calcium metabolism or 
disorders associated with UF overproduction that affect hepatocytes. neurons, or 
leukocytes. The regulation of embryonic and hematopoietic stem cells by LTF may also 
be manipulated with the receptor. A soluble form of the receptor may also be used to 
treat leukemic cells which respond to LTF by proliferating. UF also may play a role in 
30 inducing cachexia in cancer or AIDS patients. The receptor, or antibodies thereto, may 
also be useful as a diagnostic reagent to detect diseases characterized by the presence of 
abnormal LIF-R. 

Oncostatin M and LTF are different proteins, but share certain structural and 
biological properties. If inhibition of a biological activity shared by oncostatin M and 
35 LIF js desired, the receptor of the present invention offers the benefit of binding both of 
these protdns exhibiting the particular biological activity. A receptor binding only one 
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Of the proteins would leave the other protein active and continuing to mediate the 
disorder* 

Receptor proteins or derivative* thereof may also be used as reagents in 
rccctrtor-based immunoassays, reagents in assays for oncostaiin M ox LIF, or as 
5 ^ms^^^mvyj>n^^ofcnco^unyiorUF. The receptor 

fcc present invention may be used as immnnogens in conventional procedures for 
production of polyclonal orm^oclonal antibodies. Such ^bodies noay be employed 
on inintmoaffinity columns for purification of the receptor, or as coinponents of 
Agnostic orresearcli assays. Dcdvatrvc.mayalsobeobudnedby atucldngaditiond 
polypeprideCB). eg. by using a cross-linking agent, such as N-malem*dobcnroyl 
ZaLLte esier thai reac* wim cystic and lysine indues. Receptor protons may 
also be covalemly bound through reactive side groups to various insoluble substrates, 
such as cyanogen broxnidc-acWed, bisoxirane-activated, carbonyldiirmdazole- 
activared or tcsyl-activated agarose structmes. or by adsorbing to polyolcfin surfaces 
15 cwiih or wfehour glmaxaldchydc cross-linking). _ 
Hie following examples are provided to illustrate certain embodiments of the 
invention, and arenot to be c^sot^ 



y.YA\TPT_.ES 
Example 1 



Recombinant human LIF Is expressed in yeast and purified to homogeneity 
essentially as described by Hopp, et aL, BiofTecknolo^ 6:1204 (1988). The purified 
^otein is radiolabeled using a commercially available enzymobead mdaoiodmauon 
LgcntCBioRad). In this procedure 10 ugUFin 50 pi 02M sodta^to^ 
^ Lbined with 3f»l enzymobead xe.gcnt. 2 mCi of sodium iod.de m 20 ul of 
0M Msc ) diumphospha W pH7.0andl0plof2^%B.D-glucc^ After 10 routes at 
25-C wdiinn azide (20 pi of 50 mM3 and sodium mctabisulfitc (10 Jil of 5 mg/ml) are 
added and incubarion is continued for 5 min. at 25°C The reaction , otam is 
faefemd by gel filtration on a 2 ml bed volume of Sephadcx® G-25 (Sigma) 
eauiatoied in Roswell Park Memorial Institute (RPMI) 1640 medium containing^* 
fwAr) bovine serum albmmn (BSA), 0.2% (w/v) sodium azide and 20 mM Hopes pH 
Tiding xnedlmn). The final pool of is diluted to a worldng stock 

solution of 3 jc 10-8 M in Wading medium and stored for up to one month at 4 C 
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without detectable loss of receptor binding activity. The specific activity is routinely in 
the range of 6-8 x 10 15 cpmAmnole LIF. 

The radiolabeled LIF may be employed in any of a number of conventional 
assay procedures to determine whether a given protein or cell binds LIF. Examples of 
5 such assays are those that detect binding of the radiolabeled LIF to cells expressing an 
UF-tindlns protein on the cell surface. The radiolabeled LIF also may be employed in 
assays for the presence of LIF- binding proteins in cell culture medium (e.g. IJF- 
binding proteins secreted by recombinant cells). Proteins in cell extracts (e.g. from 
recombinant cells) also may be assayed for the ability to bir^ the radiolabeled LIF. 

It) In one assay procedure, cells transformed/transfected with an expression 

system encoding a protein to be tested for ability to bind LIF are plated at a density of 2 
x 10 5 cells/well in either 6 well dishes (Falcon) or single well chambered slides CLab- 
Tek). Both dishes and slides are pretreated with 1 ml human fibronecrin (10 ug/ml in 
PBS) for 30 minutes followed by 1 wash with PBS. After 48 to 72 hours, cells are 

15 assayed for expression of LB? binding proteins by binding radioiodinated LTF using the 
following slide autoradiography technique. Transfected cells are washed once with 
binding medium (RPMI media 1640 containing 25 mg/ml bovine serum albumin 
CB5A). 2 mg/ml sodium azide. 20 mM HEPES. pH 7.2, and 50 mg/ml nonfat dry milk 
(NFDM) and incubated for 2 hours at 4"C with 1 ml binding medium + NFDM 

20 containing 1.25 x 10" 9 M 125 I-LTP. After incubation, cells in the chambered slides are 
washed three rimes with binding buffer + NFDM. followed by 1 washes with PBS, pH 
7.3, to remove unbound 125 MJD\ The cells are fixed by incubating for 30 minutes at 
room temperature in 10% gluteraldehyde in PBS, pH 7.3, washed twice in PBS, and 
air dried. Theslides are dipped in Kodak NTB-2 photographic emulsion (Sx dilution in 

25 water) and exposed in the dark for 12 hours to 7 days at 4*C in a light proof box. The 
slides are Then developed for approxiinately 5 minutes in Kodak D19 developer (40 
g/500 ml water), rinsed in water and fixed in Agfa G433C fixer. The slides are 
• individually examined with a microscope at 25-40x magnification and positive cells that 
bind LIF are identified by die presence of autoradiographic silver grains against a light 

30 background. 

Cells in the 6 well plates are washed once with binding buffer + NFDM 
followed by 3 washings with PBS, pH 7.3, to remove unbound 125 I-LIF. The cells 
are then trypsmized to remove them from the plate and bound 125 I-LIF is counted on a 
gamma counter. 

35 The cells in transfectant pool(s) testing positive are subdivided into smaller 

pools and the screening process is repeated (with further subdividing of the pools as 
necessary) until an individual clone expressing LTP-binding protein is isolated. Non- 
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- fi , hindin* Of may be measured in the presence of 200-fold or greater 

excess of unlabeled LIP. As a ™^ «. ^ w determ lne whether 

lacking JJF-R-encoding sequences should be assayed w 

, j Mjnmnnns LIF receptors are present on the hosi cells, 
tacigroundendogenonsi^r^ep *\ ^ g aw i uW eIJF.binding protein thai 
m another assay procedure, cells producing a soiaw* — r 

.^ta*^*-*.*---- nay*!*™**, 
lsreieaseanomui* supernatant (culture medium) IS 

a 1U tya^fected with vectar(s) encoding LIF-K. 

procedtimareshown^^l.Hostc^^o^ ^ ThehostceHs 

gpiaO as described below were Qlutzman . Ce/ , 

w- the monkey kidney cell 7^es J ^ 

23:175 (1981). In separate ' ^ f ^ fected ce ns (and non- 

fallowing combinations of vectors. The different types of trans ecrea k _ 
Reefed control cells) are designated A-F as shown below, and the curves 
nanrfected control ^ transfected or control cell type are also 

representing the UF-bmding assay data for eacn transrecieu 

labeled A-F in Hgure 1. 

(A) B10G (the gpl30 encoding vector described in example 3) and 
pHLIFR-65 t^UE^vaa^y^^^^""^^ 

(B) pHUFR-65 and control vector CAV (a control vector that does not 
. ^ or gpiSO; controls fox plasmid dilution to that results can be warn 

1 those of COS-7 cells ejected with both a gp!30 
encoding vector and an IJF-R encoding vector) 

(Q B10G and pHUFR-65; transfecwi cells were preincubated with 
xaon^Solshded oncosiaihi M before incubation with ^I-UF 

(D) pHLLFR-65 and CAV; transacted cells were prebcubaied withnnn- 
^diolabelcd c^costarin M before incubation with 12SHJF 
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(E) non-transfected COS-7 cells (control) 

(F) B10G andCAV 

5 The assay was performed by b phthalate oU separation method essentially as 

described by Dower et aL. /. Immunol 132:15 1 (1984) and Park et aL, /. Biol. Chenu 
261'Ain (1986). Briefly, the COS-7 host cells were released from 10 cm tissue 
culture plates two days after transection by incubation In non-enzymatic cell 
dissociation buffer (Sigma) at 37'C for 30-60 minutes. Cells were then washed with 

10 the above-described binding medium and resuspended in binding medium at 5x10 s 
ccDs/mL 50nl aliquots of the cells were incubated with serial dilutions of 123ijjf at 
room temperature for one hour with agitation (in the presence or absence of a 200-fold 
excess of unlabeled UF) in a total volume of 150ul The unlabeled UF allowed for 
calculation of the non-specific background binding of UF. Duplicate aliquots <60pl) of 

15 each incubation mixture were then transferred to a polyethylene centrifuge tube 
containing a phthalate oil rnixture comprising 1.5 parts dibutylphihalate to 1 pan bis(s- 

eihylhexyl)phdia]aw. 

The cells were separated from unbound 125 MJF by cenirifugation for five 
minutes at 13,000 x g in an Eppendorf nricrofugc. The centrifuge tubes were cut to 

20 separate the pellet of cells (containing bound 125 I-UF) from the supernatant containing 
unbound 12S I-UF. The radioactivity in both parts was then determined on a gamma 
counter. The determinations of both cell-bound and unbound radioactivity from the 
two 60u1 aliquots were averaged for subsequent calculations. 

The results are presented in Figure 1 as standard Scatchard transformations of 

25 the biological data. The data are reported as the ratio of molecules of ™1-UF bound 
per cell, to free molecules (y-axis) versus molecules of 125 I-1JF bound per 

cell (x-axis). The dissociation constants <K D ) are shown in Figure 1, along with the 
number of LIF-binding sites per cell. Since a saturating amount of radiolabeled UF 
was offered, the number of molecules of radiolabeled UF bound per cell is considered 

30 * equivalent to the number of UF binding sites per cell 

As shown by curve A of Figure 1, COS-7 cells co-transfected with a gpl30 
encoding vector (B10G) and an LIF-R encoding vector (pHUFR-65) demonstrated 
high affinity LTP binding (K D =9xlO- 10 M) . When these same co-transfected COS-7 
cella were pxeincubated with non-radiolabeled oncostatin M before incubation with 

35 125I-LIF (curve Q. binding of UF was greatly reduced CKp-4.2xlO-9M). Oncostatin 
M thus competes with UF for binding sites on these transf ected cells. 
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CX)S-7 cells tranrfected with a vector encoding the smglc^olypcptide chain 
UF-R ^HUIM*) and with the control vector CAV bound UF Ccurye^ 
^S^but with l*wer af^ than *e cell, producing bo* »130 «* 1^ 
KT*e COS-7 A display endogenous high affinity simian UF receptors cnrveR 

3 Kn abont 3xl0-"M). Transection with pHLJFR-65 (encoding ihe smgle P****^ 

5 in dU of additional low affinity » 

™eB site 2) as well as the simian OF receptor, Kj^3 JxlO-»M; curve B, D- 
^ C I COS-7 cells transfected with pmJFR-65 and CAVwc~ 
^dnenbated with non-radiolabded oncost** M before incubation with «OT 
10 ^ LT. binding of LIF to the LIF-R expressed by pHUFR-65 was 

^JLpared to the same transfer cells not prcincubatcd v*h oncosunn >L 
£3* M tL doc not -rope, with LIF for binding to the ^YP^ 

LTF-R an the COS-7 cells was competed. 
i« The COS-7 cell, c^rranrfeoed with the gplSO encoding vector and the CAV 

control vector (curve F) did not bind UF in any measurable .mount above *c amount 
of binding to the non-Transfectcd COS-7 cells (curve E). 
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Example 2 

A mf Y V n B te eT P-illTr7'f^ , '" gfwTlnM 
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35 



Onco^tin M may be purified fiom cells in W hich the protein is narnrfly found 
or ftom cells transformed with an expression vector encoding oncomon M. One 
"^Of Ccostadn M» phcrbol ester-treated U937 cells, as described * 
TwTuSA- «:9739 ClKfe Purification of recombinant oncostann M is 
dtcn^by linaley et aL, /. Biol. Che*. 264*2*^2*9 (1989), which « hereby 

feaor leader sequence; may 0©id5©ow"* -ru. 
BNA^uenceto prcmoK S ea«io» of *c j*5«i= fiantto heat-*. Th.pro»a 

* MHW**»* - *» f» « 

BiJ-^W&WOSSB). The flag ^uenc is high* .ri.adcnl F™*» - 
f^^JL bound by a specific: mamxtod »<ibody. cnrtKng f^epunfcaaon 
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Neither the .signal sequence nor the flag sequence is found on the processed final 

oncostatin M product. 

Oncostatin M may be radiolabeled using any suitable conventional procedure, 
such as the radioiodination procedure employed to radiolabel LJF In Example 1. The 
5 racfic-ioiination of oncostatin M has also been described by Linsley et aL, supra. 

The resulting radiolabeled oncostatin M may be substituted for radiolabeled LJF 
(using the same concentrations and other reaction parameters) in the assay procedures 
described in Example 1 in order to detect proteins and cells that bind oncostatin M. An 
assay for binding of 1257._ 0 ncostatin M to cells is also described in Linsley et el, 
10 supro* 

The results of one oncostatin M binding assay arc shown in Figure 2. COS-7 
cells tranrfected with vector**) encoding gpl30 or LIF-R were assayed for the ability to 
bind oncostatin M. In separate transfecrions, COS-7 cells were transfected with the 
following combinations of vectors. The different types of transfected cells (and non- 
15 transacted control cells) arc designated A-E as shown below, and the corresponding 
curves representing the oncostatin M binding assay data for each cell type are also 
labeled A-E in Figure 2. 

(A) B10G (the gpl30 encoding vector described in example 3) and 
20 pHL3FR-65 (the LIF-R encoding vector described in example 3) 

CB) B10G and pHLEPR-63; transfected cells were preincubated with 
non-radiolabeled LJP before incubation with ^I-oncostarin M 

25 (Q pHLIFR-65 and CAV (a control vector that does not encode LJF-R 

or gpl3Q; controls for plasmid dilution so that results can be more accurately compared 
with those of COS-7 cells cc^rransfected with both a gpl30 encoding vector and an 
LIF-R encoding vector) 

- 30 (D) non-transfected COS-7 cells (control) 

(E) B10G and CAV 

The assay was performed by the phthalate oil separation method described in 
35 example 1 (but substituting oncostann M foxLIF). The results arc presented in Figure 
2 as standard Scatchard transformations of the biological data. The data are reported as 
the rario'of molecules of ^I-oncostatln M bound per cell, to tree^I-oncostadn M 
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lecnies (v-arfs) versus rf M ' b<,u,,,i p " ^ 

m KhAi dtti per cdL Since a saiuratfng "aw™' of r«dioI.beieo racoraon 
^TnX of of oncosadn M tart P=r «H . 

OOS-7 «lb eo^ransfcOBl wldavcciar cnoodms Ac ^.-polypepoae cn»m 
^J^^^an^a^^ 

"™ ' ™"_ v^>™ Inmbaioo wilh UJI-oncoffllill M Ccmvc B) old not bind 

m <raft~ial «««*» of «s CO* results of *Wch «c *o™ to 
iBBWi-suu*- rVtw.tion of low affinity onc oSTtmn M 

Hgure 2> were not appropriare for accural dctccbon at low 

rru . « om «™m experiment (phihalaie afl s<3>2iarion method) was 

receptors- n«i8,e S epaia»«cp«^ ™_ 7ceD£transfect edwithB10G 

TteLta of <his cncostadn M binding assay » stows In "^••-'T^v.rf 
^^tebMo^da* ^d^are^^^.ofxnofecu^of 

J^of^-o^Mboundp^C*-^). 

^^^^,1 r^2wthat the difference in oDcostaflnMbmdlngby^ 

* Wtozncd^pyonco^Mto^teoea^oyad™^ 



research assays. 
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Example 3 

P otion of a r ^infrr f1? "-^ Prnwln DcriwiM^ T ,TF-^-T,Tnkg^gpl3p 

5 A recombinant receptor protein of the ytesent invention is prepared by the 

following procedure. The receptor comprises an UF-R flagman at the N-tenninus 
attached to a gpl 30 fragment through a polypeptide linker. The polypeptide linker is of 
the formula (G^Ser*. An oligonucleotide encoding a pardon of the linker sequence. 
i.e.. the sequence SeKG^SeOgGly is synthesized by any of the conventional known 

10 procedures for oligonucleotide synthesis. The DNA and encoded amino acids 
sequences of the double-stranded oligonucleotide arc as follows: 

SEQTUNO: 7 
15 Bam HI 

••==5SSSSS3SSSS5SSS 

Ser Qly Oly Gly Gly Ber Gly Gly Gly Gly St Gly Gly Gly Gly Ser 



20 



25 



BspMZi Xbai 



r -, a,,- qqt OQA TCA GGT GGA GG& GGT TCT CCA GGT GGA GOT *CC GGA T 3 • 
CCT CCA CCA CCT AGT CCA CCT CCT CCA AGA CCT CCA OCT CCA AGG CCT AGATC 



liy Gly Gly Gly Sar Gly Gly Gly Gly Ser Gly Gly Gly C-iy s«r Gly 



The remaiirfng portion of the linker is added during vector construction as described 
30 below. This oligonucleotide as well as those discussed below may be synthesized on 

an automated DNA synthesis machine such as those available from Biosearch, Inc., 

San Rafael, California or Applied Biosystems. 

The linker encoding oligonucleotide is cloned into a vector that preferably 

contains multiple restriction endenudease cleavage sites that may be employed for 
35 inserting the sequences encoding LIF-R and gpl30 on either side of, and in the same 

leading frame as, the sequence encoding the linker. One such vector is debated 

pBLUESCRIPT SK® which is available from Stratagene Cloning Systems, La Jolla. 

Califorma. This plasmid vector is replicable in E. coU and contains a polylinker 

segment that includes 21 unique restriction sites. The plasmid is digested with the 
40 restriction enzymes Bamffl and Xbai and the linker-encoding oHgonucleotide is ligated 

into the vector using conventional techniques. A recombinant vector containing the 

inserted oligonucleotide sequence is identified by restriction endonuclease analyse and 
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by gd electrophoresis. A DNA sequence encoding LIF-R is ^ 
S^IPT SK® vector up^am of the Enter- encoding oligonudeoudc .and* 
p^^ncc^gplSOi^^ cD^ 

3 Tsingthc^knov^y^^ Thefollowmg 
oligonudcotid^ were synthesized for ^c in tn* PCR procedure* 

SEQH>NO:8 (pHgonucleorideNo. 1) 
15 SBQIDNO:9 (Oligonucleotide No. 2) 

3 * C^CAT^C^TGTTTCCTTTT^GACCTCCTCCAQ^^TACS S« 



20 



SEQID NO. 10 (Oligonucleotide No. 3D 
25 5 * CGCGTCCGGAi 



^^GAGGTGGATCTCAACTTCTAGATCCATGTGGTT^TATC 3 • 



SEQ 3D No. 11 (Oligonucleotide No. 4) 
30 3 . caaaCGAGTTCCTCTTIRACTTMrCCGCCGGCGTACG S« 

Oligonucleotides 1 and 2 are used In a FCR reaction to 
bptfrflM Tn.tcxBplarc employed*^ 
35 ZcTas described by Gearing et aL supra. The DNA and encoded anuno a«d 
33 cionco as * . QTrn Tn no- 5 The cloning vecror 

senates of the CDNA done «rc rcp««e»»d in SEQ ID NO • "° * 
wWch con**, to human LIP* cDNA clone was deposit in B. coU ho* 

«90 ^nder the «=* pHUFR-65 (ATCC Accession Number «849«. Th« deposit 

.H^,™^ He. 1. which " I»« ««■»» HK0dm « fTjjTZ 

^d. of thecal ^ence of UF-R and also «^ J^*£T 

c^fc of anaeaHng to the (0 strand thai is complementary <o nncleoude, 179-202 of 
4S Si ID NO; 5. The 3' prtoer u, oligomtcUodde No. 2. which connuas . sequence 
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complementary to nucleotides 2651-2677 of SEQ ID NO: 5 (i.e., includes anti-sense 
nucleotides encoding the lasi nine amino adds of ihc extracellular domain of LIF-R). 
• Immediately downstream of the LEF-R encoding sequence, oligonucleotide No. 2 
contains a sequence encoding (Glyfc Ser, and also introduces a BamHI restriction 
5 cndonuclease cleavage nte. 

APCR reaction employing oligonucleotides Nos. 1 and 2 inns Isolates and 
amplifies a DNA sequence encoding an LIF-R fragment containing the entire signal 
sequence and the entire extracellular domain but lacking the transmembrane region and 
the extracellular domain. The (Glyfc Ser sequence attached to the 3' terminus of the 

10 tjf^r fragment is part of the polyix^^ 

Any suitable PCR procedure may be employed. One such procedure is 
described in Sarki et al., Science 239:487 (1988). Another Is described in 
Recombinant DNA Methodology, Wu et al., eds., Academic Press Inc.. San Diego 
(1989), PP- 189-196. In general, PCR reactions involve combining the 5' and 3' 

15 nucleotides with the template DNA and each of the four deoxynucleoside triphosphates 
in a suitable buffered solution. The solution is heated, (e.g. from 95' to lOO'O to 
denature the double-stranded DNA template and is then cooled before addition of a 
DNA polymerase enzyme. Multiple cycles of the reactions are carried out in order to 
ampKfy the desired DNA fragment. 

20 An example of a suitable PCR procedure is as follows. All temperatures are to 

degrees centigrade. The following PCR reagents axe added to a 1.5 ml Eppendorf 
microfuge tube: 10 pJ of 10X PCR buffer (300 mM KCL 100 mM Tris-HCl, pH 6.3 
at 25'C 25 mM MgCfc. and 1 mg/ml gelatin) (Perkin-Elmer Cerus, Norwallc, CN), 10 
Hi of a 2 xnM solution containing each dNTP (2 mM dATP, 2 mM dCTP, 2 mM dGTP 

25 and 2 mM dTTP), 2.5 units (0.5 fil of standard 5000 units/ml solution) of Taq DNA 
polymerase (Peridn-Elmer Cerus), 50 ng of template DNA, 5 ul of a 20 pM solution of 
each of oligonucleotide primers 1 and 2, and 74.5 pi water to a final volume of 100 pi. 
The final mixture is then overlaid with 100 ul parafin oil. PCR is carried out using a 
DNA thermal cycler (Ericorap, San Diego, CA) by initially denaturing the template at 

30 94' for 90 seconds, reannealing at 55* for 75 seconds and extending the cDNA at 72* 
for 150 seconds. PCR is carried out for an additional 20 cycles of amplification using a 
step program (denaruration at 94\ 25 sec; annealing at 55*. 45 sec: extension at 72'. 
150 sec.)» followed by a 5 minute extension at 72*. 

The sample is removed from the parafin oil and DNA extracted by 

35 phenolchlorofarm extraction and spun column chromatography over G-50 (Boehringer 
Matinheim). A 10 pi aliquot of the extracted DNA is separated by electrophoresis on 
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1% SeaKem- agarose CFMC BioPioducts, Rockland, ME) end stained 

^^The PCR-arimlrfied cDNA products arc then digested wan Sail and BamHI 
^cdDB enzymes using standard procedures. The Sal^anfflicsiricto ^«t» 
5 electrophoresis. c.g.. on a 1.2% Seaplaque™ lo w ^ 

T^nent is inserted into a vector encoding the desired toon protem as described 

bdOW ' A plasmid vector containing human gpl30 cDNA was deposited fa & «K 
10 strain DHSahost cells with the American Type Culture Collection 

Maryland under the name B10G/PDC303 (DH5a) on November 14. 1991 and 
^edATCCAcccssionNo.68827. The deposit was made under the 
thcBodapeat Treaty. The DNA and encoded amino add sequences of this cloned 

cDNA are shown in SEQ ID NO: 1. . 
l5 Olifionucleondes 3 and 4 are employed in the polymerase ^ ™ 

^ocedure K> anmHfy and isohae a DNA figment encoding SerCGlyk Ser followed by 
^oac^lTSofSHQIDNO: 1 (thecntire extracellular — • 
2P130 protein). The 5" primer, oligonudeo^^^ 

S ^NO: 1 , which encode the fir* nine amino acids of the mature «pl30 
20 prorem. This nucleotide sequence is capable of annealing to the (-) strand that 03 
complementary to nucleotides 310 to 336 of SEQ ID NO: 1- OHgonncleonde No. 3 
also encodes a Ser(Gly)4 Ser sequence directly upstream of (and in the same readmg 
femeas) thegpl30 sequence, and farmer positions a BspMH restriction endonoclease 
cleavase sitencax the 5 1 tenmnns of the Ser(Gly)4 Ser -encoding sequence. 
« The 3' primer. oUgonudeo^ 

Sondes 2080 to 2100 of, SEQ ID NO: 1. i.e.. Includes a^sense nudeotides 

e^gthelastsevenai^ 

No. 4posi!iDW a stop codon immediately after the gpl30 sequence and also inserts a 
Noflx^^^ownsEream. Allowing amplification of the gpl30 fragmentby 
30 pc^tnePCRreacrionprc^ ■ 

fiamnent is isolated. 

The above-described UF-R, SerCGly^SerfcGly linker, and gpl30 encoding 
fragments are assembled into a single DNA sequence as follows. The 

Se^Ser^Olylinker^^ 
35 di^^withBamHIandBspMlL Thelir^togmcntis thenhgeredtomey endof 

STuHL fragment (cleaved at its 3' terrmnus after the Gly 4 Ser sequence wrth 
Baxnffl) The ligation is conducted under conventional conditions. The 3 end of the 



* 
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linker fragment is ligated to the BspME-cleaved 5" end of the gpl30 fragment. The 
resulting DNA fragment encodes a receptor of the present invention comprising, (from 
5' to 3*) the signal sequence end extracellular domain of LIF-R attached to a (Gly^Serfe 
polypeptide linker which is attached to the mature coding sequence of the gpl30 

5 extracellular domain. 

This DNA fragment may he insened into any suitable cloning and/or expression 
vector. For example, the pBLUESCRTPT SK® vector may be digested with Sail and 
Nofl and the ligated DNA fragment inserted therein. E. coli cells are then transformed 
with the recombinant vector by conventional procedures. 

10 In an alternative procedure, the pBLUESCRJPT SK® vector containing the 

Ser(Gly4Ser)eGly linker sequence is digested with Sail and BamHI and the above 
described IJF-R-encoding fragment is insened therein. The resulting vector is then 
digested with BspMH and NotI and the gpl30-encodin g fragment is then inserted to 
form the DNA sequence encoding the receptor of the present invention. The cloned 

15 receptor-encoding DNA fragment may be excised and inserted into any suitable 
expression vector (chosen according io the type of host cell thai Is desired) using 
conventional procedures. Host cells transformed with the recombinant expression 
vector are ctfltivaied to produce the receptor protdn. Mammalian host cells are 
generally preferred for producing the recombinant receptor fusion proteins of the 

20 present invention. 

The receptor-encoding construct may be excised by Sail and Nod digestion and 
insened into a vector suitable for use in mammalian host cells. One suitable vector is 
designated pDC406. cDNA molecules insened at the Sail site of this vector are 
transcribed and translated using regulatory elements derived from HTV and adenovirus. 

25 pDC406 contains origins of replication derived from SV40, Epstein-Barr vims and 
pBR322. The pDC406 vector into which interleuldn-1 receptor cDNA has been cloned 
has been deposited with the American Type Culture Collection, Rockville, Maryland 
USA under accession number CRL10478. The interleuldn-1 receptor cDNA may be 
excised from the vector using conventional techniques and replaced with the receptor 

30 encoding DNA of the present invention prepared above. pDC406 is a derivative Of 
HAY-EO described by Dower et al., J. Immunol 142:4314 (1989). P DC406 differs 
from HAV-EO by the deletion of the intron present in the adenovirus 2 tripartite leader 

sequence in HAY-EO. 

Examples of suitable mammahan cells for expressing a receptor fusion protein 
35 include CV-1 cells CATCC CCL70) and COS-7 cells, (ATCC CRL 1651) both derived 
fiOTmonteykidney. Anotherrxx>nkey kidney cell Une C^-l^NA (ATC^CTL 
10478) was derived by transfecrJon of the CV-1 cell line with a gene encoding Epstein- 
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for episomBliepEcarion of expression vectors, such as HAV-EO or pDW^tnai 
contain the EBV origin of rcpHaiiion- 

^ Example & 

{T i^y.inWeTwIJF.R 



10 



20 



30 



35 



IJF-Rpolvpeptfde (which «as the 5' polypeptide in the receptor of Example 3) * now 
^^Udc, 1ft. following oHgonucleotMes were synthesized fox use » 



SEQID NO: 14 

5 

no. 7) 



25 SEQID NO: 15 

3 

8> 



)NO:15 , „^ 

c^o^ccact^^^ 5' (ohgDnuclcondc no. 

Oligcandeottfes 5 and 6 are employed in a polymerase cto reaction procedure 
ro isolate augment of gpl30. Th* 5' primer (oligonucleotide number 5) induces 
^00^244x02640* SEQ3DNO: 1, (the sequent encoding the fe^ven ^o 
Idds Of the gplSO signal sequence). Oligonucleotide number 5 also deludes a 

NO-1 The 3' primer (oligonucleotide number 6) includes a sequence complementary 

I nndeoHdes^Tto 2100 of SBQ ID NO: 1, U. includes antiseBK 

^coding tho last seven amino adds of the gp-130 extracellular domaan. 



MM *»#««C«»« I 
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Oligonucleotide number 6 also encodes a Gly4Sex sequence immediately 3' to (and in 
phase with) the gpl30 sequence, and also inserts a downstream BamHI site, 

A PCR reaction is conducted as described in Example 3 bm employing 
oligonucleotides 5 and 6 on the gpl30 cDNA template. A DNA sequence encoding a 
5 gpl30 fragment thai includes the S signal sequence and the entire extracellular domain, 
but none of the transmembrane region or the cytoplasmic domain, is isolated by the 
PCR reaction. A Gly4Ser sequence is fused to the 3' terminus of the gpl30 fragment. 
The PCR reaction products are digested with Sail and BamHI and the desired fragment 
is isolated. 

10 An 1JF-R fragment is isolated and amplified by a PCR reaction employing 

oligonucleotides 7 and 8. The 5' primer (oligonucleotide number 7) includes 
nucleotides 31 1 to 331 of SEQ ID NO: 5, which encode the first seven amino acids of 
The mamre LEF-R protein. This nucleotide sequence is capable of annealing to the (-) 
strand complementary to nucleotides 311 to 331 of SEQ ID NO: 5. Oligonucleotide 

15 number 7 also encodes a Gly4Ser sequence fused to the 5' end of the LTF-R sequence, 
and inserts an upstream BspMH site. The 3' primer (oligonucleotide number 8) is 
complememary to nucleotides 2651 to 2677 of SEQ ID NO: 5 (which encode the last 
nine amino adds of the LIF-R extracellular domain.) Oligonucleotide number 8 also 
adds a stop codon at the 3' end of the UF-R sequence, and inserts a Not I site 

20 downstream. The PCR reaction products are digested with BspMH and Noil and the 

desired fragment is isolated. 

A DNA sequence encoding the desired receptor protein is prepared by ligating 
the BamHI site of the gpl30 fragment prepared above to the BamHI site at the 5' 
terminus of the linker fragment described in Example 3. Likewise the C-ienninus of 

25 the linker encoding fragment is ligatcd at the BspMTJ she to the complementary site of 
the UP~R encoding fragment prepared above. The resulting DNA fragment may be 
cloned into an expression vector using procedures described in Example 3. The 
receptor encoded by the isolated DNA fragment comprises (from the N-terminus to the 
C^enninus) the signal sequence and extracellular domain of gpl30 attached to a 

30 <Gly 4 Ser)& polypeptide linker which is attached to the mature coding sequence of the 
UF-R extracellular domain. 
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Example 5 

P~ 1 'iTlRpti^ TfaV<;r 

5 A xcccptor prcjW in accordance with the following procedures is depicted ia 

xecepior fusion protein: 

no. 9) 

~V m SlJI dB> „d hu been described In Eampte 3. Tte3 pnmer » 

5/31 m 2677 of SEQ ID NO: 5. i.e.. includes amtow nuclcoado encodes A. to 
^TZ^^rL cxnacdtalar domain of UF-R. OBjonodeofide number 9 also 

Xco— ..p^cedu^. Duetottepiesenceof 

*"*t nlSO encodn* DNA «• «■*- ^ * P ™ reaatoD 

,JLn WH sta and h. beca described abov. in E»*l. <L ^ 3 >*""£ 

Bjffl. .d *. dcAed SP 130 ««edini DNA toymen, k fectoed by ■* elec^how.. 
nomm I.G1 ^ubpdy bM been cloned Into *e atovc^crfbed pBLUESOUPT SK 
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vector to produce a lecombinant vector designated hlgGlFc A unique BglH site is 
positioned near the 5' end of the inserted Fc encoding sequence. An Spel site is 
immediately downstream of the stop codon. The DNA and encoded amino acid 
sequences of the cloned Fc cDNA are presented in SEQ ID NO: 3 and SEQ ID NO: 4. 
5 The Fc polypeptide encoded by the cDNA extends from the N-terminal hinge 

region to the native C-terminus, Le., is an essentially full-length antibody Fc region. 
Fc fragments, eg., those that are truncated at the C-terrainal end, also may be 
employed. The fragments should contain multiple cysteine residues (at least the 
cysteine residues in the hinge reaction). The antibody from which the Fc polypeptide is 

10 derived is preferably of the same species as the patient to be treated with the fusion 
protein prepared therefrom.. 

Plasmid hlgGlFc is digested with BglH and Sail and the BglTI/Sall LIF-R 
fragment prepared above is ligated into the vector by conventional techniques. The Fc 
encoding sequence is positioned downstream of, and in the same reading frame as, the 

15 LIF-R sequence. In a separate reaction, the above-described SalVBgin fragment of 
gpl30 is also inserted into the same vector. Plasmid vectors containing the desired 
DNA insert arc identified by restriction endonuclease digestion analysis, using 

convention techniques. 

The cloned DNA segment encoding the LTF-R-Fc fusion polypeptide may be 

20 excised from the pBLUESCRIPT SK® vector by digestion with Sail and Noil. 
Likewise; the DNA segment encoding the gpl30-Fc fusion polypeptide may be excised 
by Sall/NotI digestion. Each excised DNA segment is Inserted into an appropriate 
expression vector, depending on the type of host cell that is desired. One suitable 
expression vector is the plasmid pDC406. which may be transformed into mammalian 

25 host cells as described in Example 3. 

m one embodiment of the invention, an expression vector encoding the LIF-R- 
Fc fusion and a second expression vector encoding the gpl30-Fc fusion are oo- 
transfected into the desired host cells. Two separate recombinant polypeptides are thus 
produced in the host cells. The first polypeptide comprises the Fc polypeptide fused in 

30 frame to the C-terminus of the gpl30 fragment. The second polypeptide comprises the 
Fc polypeptide fused in frame to the C-tcrminus of the LIF-R fragment. Disulfide 
bonds that form between the two Fc regions covalendy link the two separate fusion 
polypeptides into a receptor protein of the present invention. 

Alternatively, the UF-R-Fc and gpl30-Fc polypeptides may be separately 

35 transformed Into host cells (as opposed to co-transfecdon into ihc same host celL) The 
two polypeptides are purified from the host cells and then combined in a suitable 
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buffered solution, whereupon Imercluun disulfide bonds form between the two Tc 
reE,0DS m receptor protein rxay be puri&d u*r* any of e number of conventional 

pacta partftario, «~ * f 005 *? "^S^L. 

, ^ Hsni,v crrrorr^grapny employtog prcrtdn A or pro»n O .niched to an 

^^onTtoofc^SBpe^cou^ 
S^etoO cotam, and the column* tlen w«heri d»Mr 

(PBS), n. adsorbed FKODUnain, fusion proa*. » .luted «* » 
10 ^£?jL, PH 3 and brousat to pB 7 wi* 2 M br^. * ^ 

or OSM tJoend thcrcto. 



15 



20 



25 



30 



35 



Example 6 

tSose disclosed in U.S. Patent 4/11.993. Totarnmteinto.ai^™^^ 

l^tolO-lOOMinu.E.Wc^ Ten to todays latino — - 

^ TO *^WI*addMorrftan^^ 

,4^andp=ric<Wyeoc^ft^ 

sJnmsWesareperiodical*^ 

^fbrtesr^dt-Ublniassay^^ 
of „ appropriate antibody Aer, jodnve antaafc are 

v 2 ^^f^tod»murin e n W dom aC enHn e NSl. Hybrioorna^bnes 

c^aydonalybrioiaiidspleeoceniiybriot • - . . ... 

tnereJ^F"^ for example, by adaptor* of the technique, disclosed by EngwH 
^/^^ 3.871 (1971)^^^.^4.704.004. t^*""" 
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containing high concentrations (greater than 1 mg/nal) cf anti-receptor monoclonal 
antibody. The resulting monoclonal antibody can be purified by ammonium sulfate 
precipitation followed by gel exclusion chromatography, and/or affinity 
chromatography based on binding of antibody to Protein A of Staphylococcus aureus. 

5 

Example 7 

Jfamrrirrneric Receptor 



An expression vector encoding a fragment of the human LTF-R exnacellular 

10 domain fused to a polypeptide derived from the Fc region of an antibody was 

constructed as follows. A second expression vector encoding a fragment of the human 
gpl30 extracellular domain fused to an Fc polypeptide also was constructed. 

Plasmid pHLIF-R-65 (ATCC 68491), which contains human LIF-R cDNA in 
expression vector pDC303 as described in example 3, was digested with the restriction 

|5 enzymes Asp7J8 and Xmnl. Asp718 cleaves the vector upstream of the LIF-R cDNA 
insert. Xmnl is a blunt cutter that cleaves within the codon for amino acid number 702 
(Asp) of SEQIDNO^,up5ffeamofmerJ^nsmembTaneregion. The desired 
Asp7J8/XmnI fragment (about 2,444 bp in length) was separated by electrophoresis on 
' an agarose gel and purified by conventional procedures using an Elurip column. 

20 A recombinant vector designated hlgGlFc, comprising cDNA encoding a single 

polypeptide derived from the Fc region of a human IgOl antibody in a 
pBLUESCRIFT SK® vector was described in example 5. The DNA and encoded 
amino add sequences of the cloned Fc cDNA arc presented in SEQ ID NO:3 and SEQ 
ID NO:4. A polylinker region comprising a number of restriction sites is positioned 

25 jnmxdiatcly upstream of thcFccDNA. 

Plasmid hlgGlFc was digested with Asp718 and SmI, which cleave within the 
poUylinkcrupsncam of theFc sequence. The Asp72 8fXmnI LTF-R fragment prepared 
above was ligated into the cleaved hlgGlFc vector by conventional techniques. SnJ 
sn&Xmnl both produce blunt ends, which will ligate together. In the resulting 

30 recombinant vector, the Fc encoding sequence is positioned downstream of, and in the 
same reading frame as, the LIF-R sequence. The encoded LJF-RJFc fusion protein 
comprisefl amino acids -44 to 702 of SEQ ID NO:5 (LIF-R), followed by six amino 
adds constituting a peptide linker encoded by The polylinker segmeni of plasmid 
hlgGlFc, followed by amino acids 1-232 of SEQ ID NO:3 (Fc). E. coli cells were 

35 transformed with the ligation mixture and plasmids were isolated therefrom by standard 
procedures. Plasmid vectors containing the desired DNA insert were identified by 
restriction endonuclease digestion analysis. 
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^Tm.xefcedDNA segment 02 Wbi^ncd^ a».pp^«P«»» 

, _^>,„«c«lltli* it denied. One snliaBte a5H=ssian 
^ is pCAV/NOT, a mammal expression veocr <tacri>cd » PCT apphcaaon 

10 ^T'^^^co^g a S o lD ble fusion prote* wo, 

^flTS^r Red 6 vec*r B10G*DC303 (ATCC 68827) 

*~££!££ZZm * « cDNA „ de^* 

~T * Sm T fa blunt enner) and Noll, which cleave upstream and 
above, was digested with StuI (a bluntc^uer; ffieoRiyM gpl30 

20 downstream, respectively, of the inserted Fc cDNA- The vw/Notl- 
20 flown *■ Fc - C ontaintag fragment and to XhoI/NotI 
fragment isolated above was ngawu iu ^ ^rerAV/NOTlS 
. ~» rAV/NOT The mammalian expression vector SF CA vvjnua » 

Menical ,0 pCAWOT, described in PCT apphca«» WO 9Q*M& 

& potentially disadvanugeons ft. preparing ana uotatu* . dc*** 

T^mbinantplasmid in bacterial cells. . , , 

' ^^weretransformed^^^ 
,0 thereat by conventional procedures, and the desired recombinant plasrmds were 
30 therefrom oy conv v 13Q/Fc fosion encoded by the deW 

identified by restriction analysis. The gpiau/rc mm * 

- _ r i -iwmimis} axmno acids -22 to DJ» « acvi 

Tecombinant vector comprises (from N- to C-tcnmnusj mum «j^Hv 

Z polylitfar segment of plasmld HsGlft, followed by ammo acide 1-232 of SEQEJ 



S ^ ^-7 cells (ATCC CRL 1631) were ttansfected *» 

^g m o* ffl e^sion vector or th. gplSO/Fc-ancoding veoor 
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prepared above, or wiih both expression veciors. The ceUs were cultivated ro allow 
expression of the soluble fusion proteins. The expressed proteins were recovered by 
incubating culture supernatant with Protein G Sepharose beads (available from 
Pharmacia) overnight at 4°C, then pelleting the beads by centrifugarion. The binding of 
5 1231-labeled human oncostarin M and ^-labeled human LIF by the proteins bound to 

die beads was analyzed. 

Binding affinity was determined by performing a variation of a standard 
Sc&tthaxd analysis. The binding assay procedure was similar to that described by 
Modey « al. (CeU 59:335, 1 989) except that the proteins, being soluble, are attached U> 

10 Protein Q Sepharose beads rather than being on the surface of the transfected cells. 
Briefly, in a 96-well miexomer plate, each of ten 1 2 serial dilutions of 125mjf or *25l- 
oncosiatin M was Incubated with a sample comprising the expressed proteins (bound to 
the beads) resuspended in RPMI 1640 containing 2.5% bovine sernm albumin. 0.2% 
(v/V) sodium azide and 20mM Hcpcs, pH 7.4, for 2 hours at 4°C with agitation. 

15 Duplicate standard cold competition wells also were incubated. Centrifuge lubes 
containing bovine calf serum were used in place of the phthalatc oil mixture-containing 
tubes in the separation method described by Dower et aL, /. Immunol. 132:751 (1984) 
and Park et al.. /. Biol. Chem. 261:4177 (1986) and in example 1 above. Aliquoxs of 
each incubation mixture were transferred to the tubes. After centrifugation, tubes were 

20 cut, the radioactivity counted, and processed as for standard Scatchard analysis. 

Figure 7 presents Scatchard analyses of the binding of 12S 1 oncostarin M by 
gpl30/Fc homodimcrs produced by the cells transfected with the gpl30/Fc vector alone 
(upper left) and by the proteins expressed by the co-transfected cells (lower left). 
Scarchard analyses of the binding of ™l UF by LIF-R/Fc homodimers produced by 

25 the cells transfected with the LIF-R/Fc vector alone (upper right) and by the proteins 
expressed by the co-transfcctcd cells (lower right) are also presented in figure 7. A 
shift toward higher affinity binding of oncostarin M by the proteins recovered from the 
co-transfecied cells, compared to the gpl30/Fc homodimer, is evident from figure 7. 
Likewise, the data in figure 7 indicate a shift toward higher affinity binding of UF by 

30 the proteins recovered from the co-transfected cells, compared to the LIF-R/Fc 
homodimer. The shift toward higher affinity binding indicates the presence of 
heterodtoers comprising LIF-R/Fc and gpl30/Fc, and further indicates that the LIF-R 
end gpl30 moieties are cooperating, i.e., interacting, iri the binding of oncostarin M 
and IIP. Controls demonstrated no oncostarin M binding by LTF-R homodimers. and 

35" no LJF binding by gpl30 homodimers. 
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Example 8 

DNA^uencesencod&MSSOtoUe^^^ • 
Zrora domain* »flta* *e mwniaie of 1=^6 me a» of the UP*** ™* 
Sl^^^^Te^^^ Tn. three domains 
* 1S^Sw~S*. amino adds 4X7 (Thr) to 3S4 CAsn), 585 (Asp) tD 

oTi all three of the FNm domains may be removed torn gplSO or LTF-R to reduce 

^Si^^-aw-ta-J""*-- tt»reeognMon n tefbrl^O109I 
M of the first PNin domain of LIF-R- H- cieaved vector wast^A 
£££££ ID N05 and EcoRS (which generate. 

pinker opso-m of the Fe sequence. BstXUEooRS fragment (compnang 

construct encodes a fusion proton compnsmg (fromN to wenmn , 

^oftotoFNmdoo^^.aoftVsocond^.tedFNnl 
* B1B '°n» PNUI domains of s>130 were removed by digesting A* wcombiMnt 

^ overhang -ring T4 DNA polymers according » ™™ u ^<*^?? 
^STste forBstXHpana nucleoodea U31-1242 of SEQ ID NO:l Ca-130). 
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cleaving within the codons for amino acids 10-11 of the first FNIH domain of gpl30. 
The cleaved vector was then digested with EcoR5, which cleaves within the polylinker 
upstream of the Fc sequence and generates blunt ends. The (BstXl)/EcoR5 fragment 
comprising the 5' end of gpl30 (lacking the FNUI domains), the vector sequences, the 
5 Fc sequence, and a portion of the polylinker, was ligated. E, coli cells were 
transformed with the ligation mixture, plasmids were isolated therefrom, and the 
desired recombinant plasnrid was identified by restriction analysis. The fusion protein 
encoded by the consinict comprises (from N- to C-terminus) amino adds -22 to 308 of 
SEQ ID NO:2 (gpl30), a four amino acid spacer peptide -Asn-Arg-Tyr-Val- encoded 

10 ' by the polylinker segment, and amino acids 1-232 of SEQ ID NO:3 (Fc). The gpl30 
polypeptide moiety contains the first 9 amino acids of the first FNIH domain, but lacks 
the remainder of the first FNIH domain and all of the second and third FNIH domains. 

FNIH domains may be deleted from the gpl 30 component of a receptor of the 
present invention, from the LTF-R component, or from both. In one embodiment of the 

15 invention, COS-7 cells were co-transfected with the soluble LIF-R/Fc-encoding 
mammalian expression vector prepared in example 7 and the mammalian expression 
vector encoding a soluble gpl30/Fc protein lacking the FNTfl domains prepared above. 
Analysis of the expressed proteins by SDS-PAGE revealed a band of the molecular 
weight expected for the heterodimer, along with bands that include those of the 

20 molecular weight expected for the two homodimers. Scatchard analyses conducted 
according to the procedures described in example 7 demonstrated a shift toward higher 
affinity binding of UP and oncostarin M for proteins expressed by the co-transfected 
cells compared to the corresponding homodimers. This result indicates the presence of 
beterodimers comprising UF-R/Fc and gpl30/Fc, and further indicates that the LTF-R 

25 and gpl30 moieties are cooperating, i.e., interacting, in binding oncostatin M and UF. 

^PTpy r>F.srR TPTT° N oy THT? SFOTTKNCE USTTNS 

SEQ ID NO:l and SEQ ID NO:2 present the DNA sequence and encoded amino acid 
30 sequence for cloned cDNA encoding an N-terarinal fragment of gpl30. 

SEQ ID NOS and SEQ ID NO:4 present the DNA sequence and encoded amino add 
sequence for cloned cDNA encoding a polypeptide that corresponds to the Fc region of 
an IgGl antibody. 



35 



SEQ ID HO-S and SEQ ID NO:6 present the DNA sequence and encoded amino add 
sequence for cloned cDNA encoding an N-tenninal fragment of LTF-R. 
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receptors of the present invention. 
5 cBQnJNOa-SBQlDNOriyFres^ 
ieccptors of th© present invention. 
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SEQUENCE LISTING 



Q) GENERAL INFORMATION: 

<U APPLICANT: Gearing, David P. 

(±i) TITLE OF INVENTION: Receptor ror Oncost at in M and LeuXemio 
Inhibitory Factor 

(ill) NUMBER OF SEQUENCES; 17 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Inrounax Corporation 

(B) STREET: 51 university street 

(C) CITY i Seatti© 
CD) STATE: WA 

(E) COUNTRY: USA 
(F> ZIP: 98101 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy diek 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.23 

(vi> CURRENT APPLICATION DATA: 
<A> APPLICATION NUMBER: 
(fi) FILING DATE: 
(C) CLASSIFICATION; 

(Viii) ATTORNEY /AGENT INFORMATION; 

(A) NAME: Seesa, Kathryn A. 

(B) REGISTRATION NUMBER; 32 , 172 

(C) REFERENCE/DOCKET NUMBER: 2607 

(ix) TELECOMMUNICATION INFORMATION: 
IK) TELEPHONE: 206-587-0430 
(B) TELEFAX: 206-587-0606 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2369 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNES3; single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA to inRNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(V) FRAGMENT TYPE; N-temdnal 

(Vi) ORIGINAL SOURCE: 

(F) TISSUE TYPE: human placenta 



(vil) IMMEDIATE SOURCE: 
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(B ) CLONE: B10G/PDC303 

(R.) NftMB/iaa: CDS 

<5j JSSaJlOB* 244.. 2369 

(B) LOCATION! 310-.236S 

(S) LOCftlXOtfJ 244.. 309 



sfiQOESCE description: 5BQ n> no*h 
MCCcacee s « a = e c ISS SCCSCCO** =«— «— . « »°" 

~~ . ™~ «- 

SCCOM ^ ^uccoa xouuuc awaaw 

TCGWMOX*: (SCGSCCTSW TSUSCCO* »»» .„_«_ 
«-C— -CC^OCTT ACXa*««° »»« 

-ssssssssassssss 

-20 



60 
120 
1B0 
240 
286 

sssasassssssssss s " 

10 ■Bi-m »«t»« GRJF TAT TTT CAT SXK GCS AM? 432 

SS225SaSSSS5S5SS 

— ^ » se xgs OCT ACA. TTC GGA CAS CTI 

_ >rpf n mcA CGC TTG CCT CCA 62^ 

3^ c*G M> «J 0* GGJ ASC g "J ^ u Szo PEO ? 1U 

<-itt em Asn val iyx ely a* 100 105 

90 



480 
528 
576 
624 
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TGT GAG TGG GAT GOT GGA AGG GAA ACA CAC TTG GAG ACA AAC TTC ACT "720 
Cye Glu TIP Asp Gly Gly Aig Glu Thr Hi a Glu Thr Aan Phe Thr 
125 130 135 

TTA AAA TCT GAA TGG 6CA ACA CAC AAG TTT GCT GAT TGC AAA GCA AAA 768 

Leu Lys Ser Glu Tip Ala Thr His Lys Phe Ala Asp cys Lys Ala Lys 
140 145 ISO 

CGT GAC ACC CCC ACC TCA TGC ACT GTT GAT TAT TCT ACT GTG TAT TTT 816 
Arg Asp Thr Pro Thr Ser Cys Thr Val Asp Tyr Ser Thr Val Tyr Phe 
133 160 l fiS 

GTC AAC ATT GAA GTC TGG GTA GAA GCA GAG AAT GCC CTT GGO AAG GTT 664 
Val Aen Il*» Glu Val Trp Val Glu Ala Glu Aan Ala leu Gly Lys Val 
170 173 180 IB* 

ACA TCA GAT CAT ATC AAT TTT GAT CCT GTA TAT AAA GTG AAG CCC AAT 912 
Thr Ber A9P Hie He Aen Phe A.p Pro Val Tyr I*. V*l Lys Pro Aan 
190 195 200 

CCG CCA CAT AAT TTA TCA GTG ATC AAC TCA GAG GAA CTG TCT AST ATC 960 
Fro fro His Asn I*u Ser Vel He Aan Ser Glu Glu leu Sex Ser He 
205 210 215 

TTA AAA TTG ACA TGG ACC AAC CCA AGT ATT AAG AGT GTT ATA ATA CTA 1008 
Leu Lys ieu Thr Tip Thr Asn Pro Ser He Lya Ser Vel He He Leu 
220 225 230 

iAA TAT AAC ATT CAA TAT AGG ACC AAA GAT GCC TCA ACT TGG AGO CAG 1056 
Lys Tyr- Aan He Gin Tyr Arg Thx Ly» Asp *ia s« Ser Gln 

* 235 240 245 

ATT CCT CCT GAA GAC ACA GCA TCC ACC CGA TCT TCA TTC ACT GTC CAA 1104 
lie Pro Pro Glu Asp Thr Ala Ser Thr Arg Ser Ser Phe Thx Vel Gin 
250 255 260 265 



GAC CTT AAA CCT TTT ACA GAA TAT GTG TTT AGG ATT CGC TGT ATG AAG 1152 
Asp Leu Lys Pro Phe Thr Glu Tyr val Phe Arg He Arg Cya Met Lya 
270 275 280 



QftA GAT GGT AAG GGA TAC TGG AGT GAC TGG AGT GAA CAA GCA AGT GGG 
Glu Asp Gly Lys Gly Tyr Trp Ser Asp Trp Ser Glu Glu Ala ser Gly 
285 290 9 



1200 



ATC ACC TAT GAA GAT AGA CCA TCP AAA GCA CCA AGT TTC TGG TAT AAA 1248 

lie Thr Tyr Glu Asp Arg Pro Ser Lys Ala Pro Ser Phe Trp Tyr Lys 
300 30S 310 

ATA GAT CCA TCC CAT ACT CAA GGC TAC AGA ACT GTA CAA CTC GTG TGG 1296 
lie Asp Pro Ser His Thr Gin Gly Tyr Arg Thr Val Gin Leu Val Trp 
315 320 325 

AAG ACA TTG CCT CCT TTT GAA GCC AAT GGA AAA ATC TTG GAT TAT GAA 1344 
Lys Thr Leu Pro Pro Phe Glu Ala Aan Gly Lys He Leu Asp Tyr Glu 
330 335 340 345 

GTG ACT CTC ACA AGA TGG AAA TCA CAT TTA CAA AAT TAC ACA GTT AAT 1392 
Val Thr Leu Thr Arg Trp Lys Set Mia Leu Gin Aan Tyr Thr Val Aan 
350 355 560 
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,„ 3 ?.,. s» T cgc' TXT CT2L GC& AOC ««° 
~~>* #-m*P n»n»a ACT 1488 



rvrx, cvf GC* GC* GTT T?A ACT 
^^MWCBgJ^SSS Ala Val Leu Thx 
ten *hr Val &rg As* I« Val iys 380 
360 303 

sss5sssss.ss=sas« 

395 400 

2SSSSSS2SSS5SSSS. 

asssssssssssssss 

460 

r-r*n CCT TCC 

« « cci « « g •» — s 3 S » Si s " Ile 

Val Ite P» V<1 IJ 1 Us ™ M ' 485 

475 

^„ G mA TCP TCC CAC ACB. 

SSSS2SS.SS1SS-,--. - 

~m »™ rur ACX TTG TAC AS© GEA CG& 

SSSSSSS5SS5 SSS= 5 

570 

Phe Tb* Tlxx pro i*ys Pne * M9 500 



a 336 



X320 
201C 
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CCT GTT T«J TTA CCA TTC CTA TTG AO ACT CTT CTG GGA GTS CTG WC 2160 

Pro Val Cys Leu Ala Phe Leu Leu Thr Thr Leu Leu Qly Val Leu Phe 
60S 610 615 

TGC TTT AAT AAG CGA GAC CIA ATT AAA AAA CAC ATC TOG CCT AAT GTT 2208 
Cys Pbe Asn Lye Arg Asp Leu lie Lys Lys His lie Trp Pro Asn val 
g2S 630 



620 



CCA GAT CCT TCA AAG AGT CAT ATT QCC CAG TGG TCA CCT CAC ACT CCT 2256 
Pro Asp Pro S«r Lys Ser His He Ala Gin Trp Ser Pro His Thx Pro 
635 640 645 

CCA AGG CAC AAT TTT AAT TCA AAA GAT CAA ATG TAT TCA GAT GGC AAT 2304 
Fro aS Hie Aen Pho Aaa S.r Lye Aap Cln Ka* Tyr Ser Asp Sly Asn 
650 6M 660 665 

TTC ACT GAT GTA AGT GTT GIG GAA ATA GAA GCA AAT GAC AAA AAG CCT 2952 
Phe Thr Aop Val Sex Val Val Glu 21« Glu Ala Aan Asp Lys Lys Pro 
670 67 5 660 



HT CCA GAA GAT CTG AA 
phe Pro Glu Asp Leu 
685 

\2) INTORMATION FOR 9SQ ID NO:2: 

(1> SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 7 0B amino acids 

(B) ttpe: amino acia 

(D) TOPOLOGY; linear. 

(ii> MOLECULE TVPE: protein 

lxi> SEQUKNCS DESCRIPTION: SEO IB NO:2: 

Met Lou Thx lew Qln Thr Trp Lou Val Gin Ala Leu Phe He Phe Leu 
-22 -20 "13 " 10 

Thr Tbr Glu Ser Thr Gly Glu Leu Leu Asp Pro Cys Gly Tyr He ser 
-S 1 S *° 

Pro Glu Ser Pro Val Val Gin Leu Bio 6er Abb Phe Thr Ala Val Cys 
15 20 25 

val Leu Lya Glu Lys Cys Met Asp Tyr Phe Hia Val Asn Ala Asn Tyr 
30 as 40 

lie Val Trp Lys Thr Asn »is Phe Thr lie Pro Lys Glu Gin Tyr Thr 
45 50 55 

He He Aon Arg Thr Ala 6er Ser Val Thr Phe Thr Asp He Ala Ser 
60 65 70 

leu Asn He Gin Leu Thr Cys Asn He Leu Thr Phe Gly Gin Leu Glu 
73 80 A* 90 

Gla Asn val Tyr Gly He Thr He He Ser Gly Leu Pro Pro Glu Lyo 

85 i on 



2369 
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„ ^ g. s« & s » - ffl 3 L «r ^ * «g ^ 
a . „ hb Z m. «- S ^ ™ ™ « *" " 



^ s« «. ^ u. m ». «. - -p g; - - ~* 

« « « - ~ - ^ ** W 

135 

^ «. «x «p ~ - «• a »• - -* 

s . r Hi, ,U M » — — ?£ *" ^ ^ 88 TO 

„ ^ ~ ~ ~ «■ «- B " tttt wo s a ~ " * 

205 

w „. a, W « «• g » S a,a * ^ 

zzo 225 



« - *• !5 "» "» 6,1 810 SS 



»sa U. SU. TJ* te» * ~» J„ 

235 

,„ «. «p s -* »» ?s - *• *** St ^ 

« w , » ».««.^ « «s ss ly ' 810 

Irp Mr ~ 610 S5 e " ° ly Ile 

Ala Pro S»x Pbe ffrp Tyr I*» 



«b. Tyr Slu Aep ixg *»> Ser !*» XL* ™° — -~ 
300 305 



p,o Pro Pbe «. as* sly «J Val 

Gin As» Tyr Thr val Asa Ala 



315 320 

ashr x^a Pro Pro rne — 340 

335 



- -r - vift L»U c1rt W* *~ 

. Sbr Ttir ^? *=F 6er ^ JJJ 360 



3S0 

365 



te w . «. «a x~ ». « «P w |S M * ~ 

fc «! >. - ^ g| ^ - - « ^ ^ X " 

_ ^ vVft em Al« 5hr »is Pro Val M8t A5P ^ Ale 
Pro Ala cys Asp *h* 61a Aim w» <og 410 

395 * DU 

mw. w»i «chr «br P*o Axg C5lu 

Pbe Pro Lys ^ ^ 1811 Trp ^ ^ 0 423 

415 



20041 48168 HUM SHIMIZU PATENT OFFICE 



NO. 7955 P. 61/86 



PCT/US92/10272 

WO93/101S1 

53 

Ber Val Ly« I*. «y. «- l« ?rp Cys Val Leu Sex Asp Lys Ala 
Pro Cy8 lie Thr Asp Trp Gin Glj Glu A ep Gly *hr Jg Hi, Arg Thr ' 



44£ 



Tyr Leu Ar, Gly Mm* U« JX. Sor X,. Cya Tyr Leu lis Thr Val 



460 

Thr Pro 
473 



Val Tyr Ala Asp Gly Pro Gly Ser Pro Glu ser He Lye Ala 



480 4 85 



Tyr Leu Ly S Bin Ala Pro Pro Ser L yS Gly Pro Thr Val Arg Thr Lya 



495 



Xye Val Gly Lya Aaa Glu Ala V>1 Lbu Glu Trp Asp Gin Leu Pro Val 



310 



Asp val Gin Asn Gly Phe He Arg Asn Tyr Thr He Phe Tyr Arg Thr 



52 S 



lie lie Gly Aan Glu Thr Ala Val Aan Val A*P |« Sor Hi, Thr Glu 

540 545 
Tyr Thr tou Ser Ser Leu Thr Ser Asp Thr Leu Tyr Met val Arg Met 

Ala Ala tyr Thr Asp Glu Gly Gly Ly* Gly Pro Glu Pho JJ| Ph. 

575 ^ t *° 

Thr Thr P .o Ly, Ph* Ala Gin Gly Glu lie Glu Ala lie Val Val Pro 

390 »95 
val cys Leu Ala Phe Leu i*u Thr Thr im'm Gly val x*u Phe cya 

Phc A*» x*e ax* A*P x~ g. Hi * Ile gj Pr ° A8D Val Pr ° 

620 . 623 

Asp Pro Sex Lys Sex His lie Ala Gin Trp sex Pro Hi* Thr Pro Pro 

635 640 645 

Ar? Hi. Asn Phc Aan eer Lya Aap Gin £t Tyr Ser A. P Gly tea Phe 

655 bbU 
Thr Asp val Ssr Val Val Glu lie Glu Ala Asn Asp l*s *YJ wo Pne 

Pro Glu Asp Leu 
665 

(2) INFORMATION FOR SEQ ID NOs3s 

(i> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 705 base pairs 

(B) TXFB; nucleic ©cid 
<C> strandedneSS : single 
tO) TOPOLOOx; linear 

(ii) MOliECULE ttpe: cdwa to xokna 
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(iii) HYPOTHETICAL: NO 
(iv) AWI-5EWSS: NO 

(vii) IMMEDIATE SOURCES 

re) clone: nigGirc 

(is) psAffORE: 

(a) jtttS/KEJE: CDS 
(B) LOCATION: 1..699 

farf.) SEQUENCE DESCRIPTIONS 6M 1© HOsSs 

«..«r«»CMAACI<aCAtt TGC CCA COG TGC CCA SCR 

St £S s s s £ s S -j <»• — - <*• >s "* 

1 5 

^ ^ ece Tea. CTC TTC CTC TTC CCC CCA AAA CCC 

S22SSS2S5 — — -s*- 

20 ^ 

S5KSSS5«SS52555 

so 35 

Asp TXP Leu Asn Qly Iff* ^op «yr jy* * * llQ 

_ „ _ »™ r TCC m GCC AAA OSS CAS CCC 

us 120 

130 135 

345 150 

_ „_ -*« Gee CAG CCC GAG AAC AAC TAC 

165 A/w 



36 



144 



192 



240 



288 



336 



364 



432 



400 



328 



2004$ 4flHB 19*209 SHIM1ZU PAIfcNI OhHCh 



WO 93/10151 PCI/US92/10272 

55 

AAG ACC ACG CCT CCC GTG CT6 GAC TCC GAC 6GC TCC TTC TTC CTC TAC 576 
livs Thr Thr Pro Pro val Leu Asp fier Asp Gly 3er Phe Phe Leu Tyr 
180 185 190 

AGC AAG CTC ACC GTG QAC AAG AGC AGG TGG CAG CAG GGG AAC GTC TTC 624 

Ser Lye leu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn val Phe 
135 200 205 

TCA TGC TCC GTG ATG CAT GAG OCT CTG CAC AAC CAC TAC ACG CAG AAG 672 

Ser cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lya 
210 215 220 

AGC CTC TCC CTG TCT CCG GGT AAA TGAACTAGT 705 
Ser I>eu 6ez Leu Ser Pro Gly Lye 
225 230 

(2) INFORMATION FOR SBQ ID N0:4i 

(±) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 232 amino adds 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECOXS TYPE: protein 

(jti) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Glu Pro Arg Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala 
1 5 10 15 

Pro Glu Leu Leu Gly Gly Pro ser val Phe Leu Phe Pro Pro Lys Pro 
20 25 30 

Lvo Aap Thr leu Me* He Bee Arg Thr Pro Clu Val Thr Cys Val Val 
35 «0 45 

Val Asp Val Ser His Glu Asp Pro Glu val Lys Phe Asn Trp Tyr val 
50 55 60 

Asp Gly Vol Glu Val Mio Asn Ala Lye Thr Lys Pro Arg Clu Glu Gin 
65 7 0 75 80 

Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gin 
85 90 95 

Asp Trp Leu Asn Gly Lys ASp Tyr Lys Cys Lys Vol Ser Asn Lya Alo 
100 105 I 10 

leu Pro Ala Pro Met Gin lya Thr He Ser Lys Ala Lys Gly Gin Pro 
' US 120 125 

Ara Glu Pro Gin Val Tyr Thx Leu Pro Pro Ser Arg Asp Glu Leu Thr 
a 130 135 "0 

Lys AS» Gin Val Ser Leu Thr Cys Leu Val Lya Gly Phe Tyr Pro Arg 
!45 150 155 160 

Hie He Ale Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr 
165 170 175 
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„ _ % Qiy Ser Phe Phe Lfcu ayr 

2^9 T*r TAr Pro Pro Vol M A*P Sjr Asp l£|0 

- * c or sirff txd ©In Gin Gly A«a Val Pbe 

5 ex Xtf* I— V*l A* P 1*5 Ser Arg Trp Qin ^y 



195 200 

„ w . — vi a ^ Bis Asa His Tyr Thr Gla LyS 
sax pys ser val wet Hie Gly Ala Leu m» ^ 

210 213 
ser leu Ser M Ser Pro Gly Xtf* 

(2) INFORMATICS TOR BBQ H> NO*5s 

Ml SEQUENCE CHARACTERISTICS* 

CAJ LENGTH: 3182 base pairs 
(S) T¥rB: nucleic aoid 
(C) STRANDEDNBSS: single 
d» TOFOLOGQf: linear 

tii) MOLECULE nrfis cDKA to »RNA 

CiiiJ ESPOTHECTCAI»: NO 

(iv) ANTI-SENSE: NO 

(v) FRAGMENT TXEE: W-toxxniMl 

/vi) ORIGINAL SOURCE : 

1 ^r> txbbub TXPEs bvman placenta 

(Vii) IMMEDIATE SOURCE: 

CBJ CLONE: pHLirK-65 

{A) NAME/KM x tnM_p©ptide 
CBJ LOCATION: 311.. 3182 

(ix) FEATURE: 

(fi.) NAME/KEY x CDS 

(B) LOCATION: 179-.3182 

(iac) FEATURE: 

(A) WAME/KET; ©igjpeptid© 
(8) LOCATION: 1*79.-310 

(iac) FEATURE: 

(A) NAME/KET: mat^peptide 

(B) LOCATIONS 311- -3182 

{ac l} SEQUENCE DESCRIPTION: SEQ ID NOjS: 
^CT*** JO-BC-C CTGCXCTCXC TCCC*3*C3 TGTCTCTGCT GCX^SGOUX 60 
eeeccCTMC CCCXGC^ ACTGCACTT5 CA^CCMT ^CCCAGC* 
caaJ ^ a « a GCCTCTGCO* CTOCCTCaTC GCCCXC^GS 



120 
178 
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ATG ATG GAT ATT TAC GTA TGT TTG AAA C6A CCA TCC TGG ATG GTG GAC 226 
Met Met Aep He Tyr Val Cys Leu lys Arg Pro Ser Trp Met Val Asp 
-44 -40 -33 " 30 

Uj AAA AGA ATG AGG ACT GCT TCA AAT TTC CAG TGG CTG TTA TCA ACA 274 
Asn Lys Arg Met Arg Thx Ala Ser Aen Phe Gin Trp Leu Lou Sor Thr 
-25 -20 ~ 15 

TTT ATT CM CTA TAT CTA ATG AAT CAA GTA AAT AGC CAG AAA AAG GGG 322 
Phe He Leu Leu Tyr leu Met Asa 61a Val Asn Ser Gin lys 
-10 -S i 

GCT CCT CAT GAT TTG AAG TGT GTA ACT AAC AAT TTG CAA GTG TGG AAC 370 

Ala Pro His Asp Leu Lys eye val Thr Asn Asn Leu Gin val Trp Asn 
$ 10 IS 20 

TGT TCT TGG AAA GCA CCC TCT GGA ACA GGC CGT G6T ACT GAT TAT GAA 418 

Cys Ser Trp Lys Ala Pro Ser Gly Thr Gly Arg Gly Thr Asp Tyr Glu 
2S 3° 35 

GTT TGC ATT GAA AAC AGG TCC CGT TCT TGT TAT CAG TTG GAG AAA ACC 466 
Val Cys lie Glu Asn Arg Ser Axff Ser Cys Tyr Gin Leu Glu Lys Thr 
40 45 50 

AGT ATT* AAA ATT CCA GCT CTT TCA CAT GOT GAT TAT GAA ATA ACA ATA 514 
e*r lie Lye He Pre Ala Leu Ser His Gly Asp Tyr Glu lie Thr lie 
55 60 « 

AAT TCT CIA CAT SAT TTT GGA AGT TCT ACA AGT AAA TTC ACA CTA AAT 562 
Asn Ser Leu Hie Aep Phe Gly Sor Ser Thr Ser Lye Phe Thr Leu Asn 
70 75 80 

GAA CAA AAC GTT TCC TTA ATT CCA GAT ACT CCA GAG ATC TTG AAT TTG 610 
Glu Cln- Aen Val Ser Leu He Pro Asp Thr Pro Glu He Leu Asn Leu 
85 90 95 100 

TCT GCT GAT TTC TCA ACC TCT ACA TTA TAC CTA AAG TGG AAC GAC AGG 858 
Ser Ala Asp Phe Ser Thr Ser Thr Leu Tyr Leu Lye Trp Asn Asp Arg 
105 HO US 

GGT TCA GTT TTT CCA CAC CGC TCA AAT GTT ATC TGG GAA ATT AAA GTT 706 
Gly Ser Val Phe Pro His Arg Ser Asn Val He Trp Glu lie Lye Val 



120 



125 130 



CTA CGT AAA GAG AGT ATG GAG CTC GTA AAA TTA GTG ACC CAC AAC ACA 754 
ieu Arg Lys Glu Ser Met Glu Leu Val Lys Leu Val Thr His Asn Thr 
" 140 US 



135 



ACT CTG AAT GGC AAA GAT ACA CTT CAT CAC TGG AGT TGG 6CC TCA GAT 

Thr Leu Asn Gly Lys Asp Thr Leu His His Trp ser Trp Ala ser Asp 

155 I 60 



150 



802 



850 



ATG CCC TTG GAA TGT GCC ATT CAT TTT GTG GAA ATT AGA TGC TAC ATT 
Met Pro Leu Glu Cys Ala He His Phe Val Glu He Arg Cys Tyr lie 
3.65 170 i^S 180 

GAC AAT CTT CAT TTT TCT GGT CTC GAA GAG TGG AGT GAC TGG AGC CCT 898 
Asp Aen Leu His Phe Ser Gly Leu Glu Glu Trp Ser Asp Trp Ser Pro 
185 19° 15 
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11B6 



r-r-r «x* ICT Ca«S ACT AAG GTT TTT CCT 

RAC AfE * xcA TTT TGT TGI GTG 

•^"""SSSSSSSSar »• c*. <*» v*l 

Gin ASP *ff B ^ Ile Le 225 

i^r su» 6Lv Lys val te» |«* ^° * 240 

230 

5SSSS5S55SSSSSSS 

iss=sas's=a" s:ss S !E!S 

2fi0 

SSS2SSSSS5SSS2SS 

31° 

— mmm -nr* efiL AAA 3SM GTT AGA CTT AAA ASA 

§g 330 33S 

„_ AGC T . r cAA TTA TTA TIT CAA ATS CTT 

ecs ssa gca cc* aca aac gja agc sat caa ^ ^ ^ 

Bla Sin Ala Pro Th* Aea <Alu ser 17^ »^ 355 
345 

tt-p *r<P MG AAT GCT CAC AAT CCG CTG 

gSS22;£2£5--- a-- 

375 3BCr 

— ""S22SSSSS2SSS 

Pro His Tir Pro x&r Ser P*e lye v«x y 40Q 
390 393 

405 410 

tE A X3T 3AA AXX OAA £. AAJ AAA £ AAT T£ « CJA J- « g 
~ Gl« He -gj IIS W» *»■ Ser *U BeS 433 



946 



994 



1042 



1030 



1234 



1282 



1330 



1378 



1426 



1474 



1522 



1570 



WIS 
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**fl TTA AAT CCA TAC ACT CTA TAT ACT TTT COS ATT CGT TGT TCT 
SS 25 Asn £2 Tyl Thx Leu Tyr Thr Phe Arg He Arg Cys Ser 

470 475 



485 



s js k s !s ss $ a | e s - - i - s 

520 525 



TCA GAT GAG GAA ACA CAS TCC CTT TCT GAA ATC CCT GAT CCT CAG CAC 
sS Xp G1U G1U Thr Gin 5er Leu Ser Gl« He Pro Ajp Pre 61» Hi. 

535 540 99 

Aft* GOA GAG ATA CGA CTT GAT AA6 AAT SAC TAC ATC ATC AGC GTA GTC 

Lyt Ala €lu He Arg Leu Asp Lys *sn Asp Tyr lie He Be. val v.l 

*^ am AAT TCT QTG GGC TCA TCA CCA CCT TCC AAA ATA GCG AGT ATG 
£1 tyt Asn 111 vlt IS Ser Sex Pro Pre Ser Lys He Ale Ser Met 

570 575 



asssssssssasssss 

585 5SMJ 
^ ^ lTT ptc CTC ACC TGG CAT TAC GAC CCC AAC ATG ACT TGC GAC 

Z £ S-S £ ™ £s Tyr Asp Pro Asn m T ? r Cy* Asp 

600 605 



T»C GTC MI «G «. « J«2J25SSSS!SS 

Tyr Val He Lye Trp Cys Asn Sex Ser Arg 5er bin 
J 525 620 

s S 5 « s s s s = - - a « « a = 
- 5 s 5 s 5 a 5 s - s = a » s s 



1714 



1762 



1610 



1906 



1934 



2002 



2050 



2098 



2146 



2194 



2242 



2290 



38 «« 

A OA AAT CAA GGA TAT CAA TTA TTA CGC TCC ATG ATT GGA TAT ATA OAK 2338 
Azg Asa Gin Gly Tyr OW Leu Leu Arg |er Met lie «y y ^ 
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mmm aci GTT GAG GAT ACT TCT 

680 665 

___ R3VC »m«Q ccT CIS fiBA GA& CTT 

,„ tte ni xac m e<» a» 50 °* ^ 

S IS S S-S 5 S 2 2 5* ». *g i*» « — — 

710 715 

^ a «m m-cA GAA TCa GOT COT XCT QAC A!TA 

5SESS5S2E-S-I- t ^ B *^t 

725 730 

- r.»C m TCC CAG AAG ACR C7Q AGA ATT GCT GAT . 

la/ar jkJvX iC & MS S&C CAC CTG GTC TTG CSA 6CC XM ACA SAT 

S gS IS x£ ?S t2 iyx ai* ~u v*i .x* *rs *a* £J «« **> 

5SSSSSS22S22S2SS 

775 780 

-ssassssssscBBss 

790 795 

sssssssssssgsssas 

805 810 

• fi( _ r __- CCT cat AT T CCA AAT CCA GAA AAC TGT AAA 

ATT AAA GAA ACC XXC TAC ccs ^ lyg 
He lys Glu .sbr Pte *yr Asp lie *» abb » M5 
625 

^« ~*r* *t»P rvpc TGT GAS GGA AGC ACT GCT CTT AAA 

S 2 22 2 £ e IS & 2 S •» ~ - - ~ 

840 845 

— rrA a*5 AA.T GTT CAS GTT CTG GAA 

jlCA MS GAA ATS AAX CCT T6T ACC CCA AAT JJT e Glu 
Ha teu alu itet a«» Pro Cys Thr Px© Asn Aro vmi ej g 

ssEsssssssssissss 

B70 875 

« « raS CSS CCT «E £T CGC « « « — -J — — 

Val Ala Glu Arg Pro Gla Asp Arg Sex asp 900 
885 890 

_ MBBB _„ „- rrr aipc ATTP GAG GAA GAA AlA CCA AAC 

exe err gx© *cc *at » ^ Gltt giu xi* Pro Asn 

V*l val Ser Tyr qys Pro Pro He lie Glu g-lu ^ 



2385 



2434 



2482 



2530 



2578 



262£ 



2674 



2722 



2770 



2816 



2866 



Z914 



2962 



3010 



3058 



1 



2M« 4A1«8'1«224 SH1MIZU PATENT r- wo* 



AAA. AQC AGG TCO TCT CQT TCC AAG ATC T 

Lys Ser Arg Ser Ser Arg Ser Lys He 
950 955 

(2) INFORMATION FOR SEQ ID NO! 6: 

(i) SEQUENCE CHARACTERISTICS ! 

(A) LENGTH: 1001 amino acids 
<B) TYPE: amino ecid 
(C) TOPOLOGX: linear 

<ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Met Met Asp He Tyr Val Cys Leu Lys Arg Pro ser Trp Met val asp 
-40 "35 " 30 

Asn IffS Arg Met Arg Tbr Ala Ser Asn Phe Ola Trp Leu Leu Ser Thr 
-25 -20 "15 

Phe He l«« Leu Tyr Leu Met Asn Gin Val Asn Ser Gin Lys Lys 61y 
-10 "5 1 

Ala Pro His ksp Leu lys Cys Val Thr Asn Asn Leu Gin Val Trp Aon 
s 10 is 20 

Cya Ser Trp Ly. Ala Pro Ser Cly Thr Gly Arg Sly Thr Asp Tyr Glu 
25 30 3& 

Val Cys He Glu Asn Arg Ser Arg ser cys Tyr Gin i*u Slu Lys xhr 
40 *S so 

Ser He Lys lie Pro Ala Leu Ser Hie Gly Asp Tyr Glu lie Thr He 
55 60 65 

Asn Ser Leu His Asp Phe Gly Ser Ser Thr Ser Lys Phe Thr Leu Asn 

klu Gin Asn val ser Leu He Pro Asp Thr Pro Glu He Leu Asa Leu 
PS 90 95 

Bex Ala Aep Phe Ser Thr Ser Thr Leu Tyr Leu Lys Trp Asn Asp Arg 
105 HO . XX5 

Gly Ser Val Phe Pro His Arg Ser Asn val He Trp Olu He Lys Val 
120 125 130 

Mtt Arg Lys Glu Ser Wet Olu Leu Val Lys Leu Val Thr Hie Asn Thr 
135 140 145 



3106 



61 . 

CCA GCC GCA GAT GAA GCT GGA GG6 ACT GCA CAG GTT ATT TAC ATT GAT 

Pro Ala Ala Asp Glu Ala Gly Gly Thr Ala Gin Val He Tyr He Asp 
920 825 930 

OTT CAG ICG ATG TAT CAG CCT CAA GCA AAA CCA GAA GAA AAA AAA AAA 3154 

Val Sin Ser Met Tyr Gin Pro Gin Ala Lys Pro Glu Glu Lys Lys Lys 
935 »<J0 94S 



3182 
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-w * — Ki . sis Trp Ser Trp Ala ser Asp 
«te i*u Asn Gly i«p asp ig x*» Bi* Bi* irp ifio 

T , e R i a p he val Giu He <=y« ±** 
Met Pro Leu <* e £j Ile 175 180 

165 



„ »- « - gj « « - - s; 861 - 1IP 31 "° 

^ ^ M U e !L ». - »s - - - ws s rh * p " 



200 

«- «p B ~ - - s - - - - £ ~ 7,1 
,„ ^ 2 u, ~ - s - «- °* K nr - ** P " 

230 

MO ue «. «. -p a -u «- ~ « a * ll * "* *" ss 
^ ■ „ « « «* - - « s ,te - 



— i^u xm cm He 116 0373 5er 

sla Gin I*» **n CyS Glu Xhr tf. **P *~ *** 305 
293 

„ vbI rHr Ala Leu val Sly Pro *rg aO. «* B ~ 

310 3J - 3 



- ~ ~ S « « - SI %1 119 M ** » 

II! - - S ~ - ~ SB ~ 

t „ M - «. *. »- »- - - - - 1,0 

^ 8 eI « U. ta. *» »• « w *» 



a, w so on »» — jjj 
37s 3 °" 



„ « tte »~ ~ «« *. ~ - a - s - - "* 

390 398 

«i phe Ala Lys lie ASH Pne 

VB l lye S« Trp HI= Len f« Oly A, a PJJ Ala y ^ 

40S 

«- » >«< ser val Gin em Q3jl 
qys Gl« He C-m He ^ ^ 8 Ewr J|J Sex Vax 435 



Leu Val Ala Leu 



^ — - 425 

*» val xie lor, ^ val Glu aju ser S ex ^ ^ 

^^^Zpr.^--^--^Sl^ Cy3Ser 
455 



2004* 48168 19S22# SHIMIZU PATENT OFFICE 



NO. mb p. i\m 



,~ PCT/US92/10272 
WO 93/10151 

63 

Thr fllu Thr Phe Trp Ly* Trp «•* I** T *P Ser Ly5 Gln HiS 

470 ' «"?5 480 

Lou T*r Thr Glu Ala Ser Pro Ser Lys Sly **o Asp Thr Trp Arg Glu 
4 85 490 

Trp ser ser Asp Gly Lys *•« »• Pto Pr ° 

He Aan Glu XI. A.n Gly lys He Leu Ser Tyr Asn Val Ser Cys Ser 
520 525 

Ser Asp Glu Glu Thr Gin Ser Leu Ser Glu He Pro Asp Pro Ola His 
335 540 

»• Al. Glu He Arg Le« *-P *•» llB Val VU 

y 550 555 3«° 

Ala Ly. Aea Sor val Gly Ser Ser Pro Pro Ser Lys lie Ala ser » 
565 570 575 

G1U lie Pro Asn Asp Asp Leu Lys He Glu Gin Val Val Gly Met Gly 



58S 



ty 3 Gly lie Leu Leu Thr Trp Hia Tyr Asp Pro Asn Met Thr Cys Asp 

Tyr Val lie Lye Trp cys Asn Ser ser Arg Ser Glu Pro Cye Leu Met 

A5P Trp Arg Lye Vel Pre Ser A.n S« Thr Glu Thr Val lie Glu Ser 

630 635 " 

Asp Glu Phe Arg Pro Gly He Arg Tyr Asn Phe Phe Leu Tyr Gly Cye 



643 



650 



*xg Asn Gin Gly Tyr Gin Leu Leu Arg Ser Met »• Gly Tyr lie Glu 

Clu Leu Ale Pro He Val Ala Pro Asn Phe Thr Val Glu *JP-«* Ser 

•Ala ASP Ser lie Leu Val Lye Trp Glu A SP He Pro Vel Glu Glu Leu 
60S 700 /wa 

*r* Gly Phe Leu A*9 Gly Tyr Leu Phe Tyr Phe Gly Lys Gly Glu Arg 

710 715 720 

Asp Thx Ser Lys Met Arg Val Leu Glu Ser Gly Arg Ser Asp He Lye 
725 ">30 735 

Val Lya ASH He Thr Asp He Ser Gin Ly. Thr Leu Arg lie Ala Asp 

Lc„ em Gly Ly. Tbr Ser Tyr His Leu Val Leu Arg Ala Tyr Thr A 5 p 
760 765 ' 

Gly Gly Val Gly Pro Glu Lys ser Met Tyr Val v.l Thx Lye Glu A.« 
775 
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79° , - 

^ ^ to « « M o- - «- ~* ws 0,0 3 

a. x,. a. ». p» >* a. S — * - - S - 

825 

_ - c_ a ei u sly Ser Ser Ala Leu iflfS 
Aia ten Gin I»ne Gift Lys ser Vel ge cau * y ^ 

T1 . rtlu Thr clu lie lie Ser Pro 
Shr Arg S«r Ala Pbe Pro jy» He <!lu ^ 

Ve x ^ « - s ^ St 610 ™ aB *~ SB 

Z »i « ~* »• IS 01,1 a ° " 53 lm 



«, *i. el, si, Thr Ala Gin Val lie Tyr He Asp 
Pro Ala Ala &JP Glv Ala Gly J« 93 0 

Gin Pro Gin Ala i>x* »*> Gl» 1*. x y « x*. 



v*X Sla Bar Jtot **r BIB no — — &45 
935 9 * g 

». ser Arg ser ser at* J« xcr* 

(2) XSTORH&SXON TOR SSQ ID W»s7: 

fx) SEQUENCE CSMU^CTEKLSTICS: 

(A) LENGTH: 100 base pairs 

(B) TXPEi nocloie acid 

(C) sxRANDBDNESS: double 
p) T0PO3U0CX: linea r 

(11) moeecotjs rxssi ctssa. 

5BQCT5HCB PBSCSIPTIOK. SSQ ID NO: 7: 

G&XCCGGTGG AGeXGOXXCX 30*33^ «C«« » ~-X— 

^CaGGTGG AGGAGGXXCX QGRGOTSGS.G GTTCCGGAAT 

(2) IMFORMSH0N FOR SEQ ID MO:8: 

fi> SEQUENCE CHARACTERISTICS: 
(&) LENQTHe 3G ba«» pairs 

(B) type: nucleic acia 

(C) STRBNDBDNES81 single 

(D) TOPOLOGJr: linear 

jii> zdOLECULE TXPEr cDNA 



60 
3.00 
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(xi) . SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
GATATGTCGA CGATGATGGA TATTTACGTA TGTTTG 
<2) INFORMATION TOR ESQ ID NO:0: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 48 base pairs 

(B) TYPE: nucleic acid 
4C> STRANDEDNESS: single 
(D) TOPOLOGY: linear 

lii) MOLECULE TYPE: cdna 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
CCATCGATCC ACCTCCTCCA GAATTTTCCT TTGTCACCAC ATACATAC 
(2) INFORMATION FOR SEQ IP NO; 10: 

(±) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 49 base poira 

(B) ' TYPE: nucleic acid 
{C) STRANDEDNESS; single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
CGCGTCCGGA GGAGGTGGAT CTGAACTXCX AGATCCATGT GGTXATATC 
(2) INFORMATION FOR SEQ ID NO: 11 2 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 37 bae© pairs 

(B) TYPE; nucleic acid 

(C) STRANDBDNESS; aingle 

(D) TOPOLOGY: linear 

(i±) MOLECULE TYPE: cDNA 



<ai) SEQUENCE DESCRIPTION: SEQ ID NO:ll: 
GCATGCGGCC GCCTATTCAA TTTCTCCTTG ACCAAAC 
(2) INFORMATION FOR 6EQ ID NO:12: 



4 



(i) SEQUENCE CHARACTERISTICS: 
<A) LENGTH t 35 base pairs 

(B) type: nucleic acid 



(C) STRANDEDNESSi einglo 
(DJ TOPOLOGY: linear 
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(ii) MOLECULE TXPE! d>J» 



Od.) SEQUENCE. DBSCRIPKOHS 6BQ ID »©:1 2! 
GMaTCTCGa C&AGATGTT6 ACGTTGCAB&. CTTSG 

{2) uwosaaTion tor SEQ m Nosxa: 

li) SEQUENCE CHaRftCSCEKTSXIca: 
t&) izmeaJHt 41 base pairs 

(B) txpei nucleic add 

(C) STBflNDBDHBSS; °^ n 9 rl * 

(D) TOPOLOGXi linear 

(ii) MOLECULE a?XPE= eDNA 

flB QUENCH DESCRIPTION: SEQ ID iro:i3: 

eczttxxce ^ccTccTCCT acwmscxc ctisascaa* c 

(2) mrORM&BIOW FOR SSO 335 K0:14; 

ti) SBQDEHCB CHARACTERISTICS: 
IA) LENGTH: 44 base pai=o 
(8) TX*E» nucleic acid 
(C) STBANDEDNS5S: single 
ID) SOPOLOGSfi lineax 

(li) molbcule. txpsx ctaa. 

(J£l) sbodsNCB DESCRIPTIONS SEQ ID NO: 14: 
CGCGICCGGB GCC&GaJ*** CCGGGCTCCI OlIG 

(21 INFORMaUON rOR SBQ ID MOl 15: 

(i) SEQUENCE CH»RRCXERieTlCS t 

(A) rSHGSB: *3 base pairs 

(B) TXPEi nucleic eci£ 

(C) stbandednesS : single 
(W TOPOLOGX: li ne a r 

(ii) MOLECULE TXSB: cDHa. 

(JI i> SEQUENCE DESCRIPTION: SBQ ID NO;lSs 
6CAS0C60CC GC«*<»*H! TTCCTTTGTC ACC*CM*CA T*C 
(2) jBffOPMMJIOK FOR SEQ ID HD-.16: 

(i> SEQUENCE CHARACTERISTICS: 
<*.) LENGTH: 45 t*SB PBIxb 
(B) T»B: nnoleio acid 



t 
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{C> STHANDEDNESSi eingl© 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(K±) • SEQUENCE DESCRIPTION: SEO ID NO:16; 
GCATAGATCT GGGCTCAGAA TTTTCCTTTG TCACCACATA CATAC 
(2) INFORMATION FOR SBQ ID NOil*?! 

(1) SEQUENCE CHARACTERISTICS! 

I A) LENGTH: 38 base pairs 

{©) TVPE: nucleio acid 

(C> strandedneSS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CDNA 



(Xi) SEQUENCE DESCRIPTION: SBQ ID NO: 17: 
GCAtAGATCT GCGCTCTTCA ATTTCTCCTT GAGCAAAC 
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CLAIMS 

Yflial is claimed is: 

fector, coxtrpmmfi £P 130 covalcntly &*ed to UF-R- 

,. _ . i wherein said receptor comprises a 
1 A receptor according to claim l, waerew » * 

eovdently Hnted to UF-R via tpolypcp^' ltote. 

4 . A xecepior access » cto 3, where* add receptor Is a ^combban. 
ftjaon proton of the formula: 

« ««130- Ki represents UF-R; »d L represents a polypeptide 
20 wherein Riiei»©sentsspl30;K2 represent 

Enter. 

, A accord^ » ctata 4 wtedn the 

«■ A tec*?™ ««&* W daim 5 Whmi " ^ ^'f ^ ^ 

35 9 . Ahostcencon^gftee^essioJivectDr ofclaimS. 



15 
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10. • A receptor according to claim 3, comprising a first fusion polypeptide 
that comprises an antibody Fc region polypeptide attached to the C-termlnus of. gpl30, 
aad a second fusion polypeptide that comprises an antibody Fc region polypepnde 
Bxmched to the C-terminus of LIF-R, wherein said first fusion polypeptide is linked 10 

3 said second fusion polypeptide via disulfide bonds between the Fc region polypeptides. 

11. A receptor according to claim 1,4, or 10, wherein: 

a) said gp!30 is encoded by an isolated DNA selected from the group 
,0 ccr^tmg rfa first DNA sequence 

a B econd DNA sequence comprising nucleotides 310-2369 of SEQ ID NO:l, and a 
fcjrd PNA science that will hybridize to said second DNA sequence under moderately 
.stringent conditions; and 

b) said LIF-R is encoded by an isolated DNA selected from the group 
listing of a fir* DNA 8 equence comprising nucleotides 179-3182 of SEQ ID NOS, 
a second DNA sequence comprising nucleotides 311-3182 of SEQ ID NO.5, and a 
third DNA sequence that will hybridize to said second DNA sequence under moderately 
stringent conditions. 

20 

12. A receptor according to claim 10 wherein said gpl30 is a soluble gpl30 
polypeptide and said LIF-R is a soluble LIF-R polypeptide. 

13. A fusion protein comprising an antibody Fc region polypepnde attached 
25 to the C-tenninus of a soluble gpl 30 polypeptide. 

14. An isolated DNA sequence encoding a fusion protein according to claim 

13. 

15. A fusion protein comprising an antibody Fc region polypeptide attached 
to the C-teratinus of a soluble LIF-R polypeptide. 

16. An isolated DNA sequence encoding a fusion protein according ro claim 

13. 



30 



35 



17. A homodtoeric receptor comprising two fusion proteins according to 
claim 15, linked via disulfide bonds between the Fc region polypeptides. 
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is' A process for preparing a receptor accenting to claim 4, coxnpriring 
during a'ho* cei tra^fbrmed with an expression ^comprising aDNA sequ^cc 
SS*. ^ ^on protein under condidon, prcmoic expxessxon of saod . 
5 fusion protein, and recovering said fusion proton. 

19 A process for preparing a receptor according to claim 10, comprising 
^itarine aho* cell co-tranrfected with a first expression vector encoding said fett 

10 polypeptide under conditions thatprcmoie expression of first end second tunon 
polypeptides, and recovering said receptor. 

cca&M or UP, compri^ th« of claim 1, 4, 1 0, or !2, aad * sm-ble 

15 dihiefltarcaxzler. 



nmnnrin' ^wn smimiAi I * 
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7^y6igtval sequence 



tinge 
xegxon 



•s— s-. 
s—s — 

S— 5 — 



E 5— 



g S_ 



s s— 

1 1 

£ 5— 



Fc region 



MM 4B16B mm SHIMIZU PATENT OFFICE 



NO. /*)!>!> P. bj/M 



WO 93/10151 



PCT/t : S92/10272 



5/7 
FIGURE 5 
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